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Executive Summary  

The 2011 Baseline study was conducted with several objectives in mind. The primary objective 

is to provide a study of the characteristics of single-family homes recently completed in Rhode 

Island and permitted under the 2009 International Energy Conservation Code (IECC) that did not 

participate in the Rhode Island Residential New Construction Program (RNC Program) that can 

be used to update User Defined Reference Home (UDRH) assumptions used in calculating 

Program savings. Secondary objectives are: 

¶ Conducting a full HERS rating for each home using REM/Rate
TM

 software 

¶ Providing a comparison of 2011 baseline study homes to single-family homes completed 

through the 2011 Program 

¶ Using 2009 IECC compliance reports produced by REM/Rate to assess how the baseline 

homes would likely perform under different performance based compliance paths 

¶ Assessing code compliance using the 2009 IECC checklist developed by Pacific 

Northwest National Laboratory (PNNL) 

Throughout this Executive Summary there are links to sections of the report that provide more 

detail on the information being presented. Readers may place the cursor on the link and use 

control/click to go directly to the section of the report that provides more detail.  

Background   

Audits of 40 homes were conducted from early August through early November of 2011; HERS 

(Home Energy Rating System) ratings were performed on all 40 homes and HVAC performance 

testing was conducted at 16 homes. Manual J assessments were done for all inspected homes. 

The REM/Rate software used for the HERS ratings provided 2009 IECC code compliance 

reports for multiple compliance paths for each home. The owners of audited homes were asked 

to complete a short survey while their homes were being inspected. The survey addressed, 

among other things, how the home was purchased, the importance of getting an energy-efficient 

home, who specified various home components, and ownersô perceptions of the overall energy-

efficiency of their home and its various components.  

The sampling plan matched the percentage of on-site inspections conducted in a county to the 

percentage of state level permits issued in that county and targeted a mix of custom and spec 

built homes. In order to reflect the mix of spec and custom single-family homes in the 2011 

Rhode Island Program, the data are weighted by 90% for spec and 10% for custom homes. Both 

unweighted and weighted results are provided throughout this report, with the emphasis on 

weighted results. See Section 2 Sampling Methodology. 

The remainder of this Executive Summary summarizes the UDRH inputs estimated; comparisons 

with individual 2009 IECC prescriptive insulation requirements; potential compliance rates 

under various compliance paths based on the compliance reports available from the REM/Rate 
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software used to produce HERS ratings and the 2009 IECC checklist developed by PNNL; and 

the results of the Manual J assessments and HVAC performance testing. Also addressed are the 

comparison of 2011 baseline homes to 2011 Program homes and the on-site survey completed by 

the owners of inspected homes. These are very high level summaries that include links to the 

report sections that provide more detailed information.  

Preliminary UDRH Inputs  

Table ES 1 on the next page compares 2011 Baseline Study findings to selected current UDRH 

inputs.
1
 The 2011 Baseline UDRH inputs are preliminary estimates based on study findings 

weighted to reflect the mix of single-family spec and custom housing in the 2011 Program. See 

Section 3 Preliminary UDRH Inputs for detailed tables showing the data used to develop the 

preliminary estimates of UDRH inputs. The Program Administrator wil l review these 

preliminary UDRH estimates and develop a final set of UDRH inputs that incorporates 

additional information based on experience administering the Program as well as information on 

specific measures that were found in either none or very few of the audited baseline homes. The 

final UDRH inputs will be provided as an Addendum to this report.  

As shown, the 2011 baseline preliminary estimated UDRH inputs suggest that the current UDRH 

assumptions underestimate the efficiency of most current building practices and equipment. In a 

few cases, study findings suggest current UDRH inputs may overestimate the efficiency of 

current building practices. Preliminary UDRH input estimates are higher energy efficiency than 

current UDRH inputs for the following building characteristics: 

¶ Flat and cathedral ceiling U-values 

¶ Foundation wall R-value 

¶ Duct Insulation R-values 

¶ Window U-value 

¶ Air infiltration ACH50 

¶ Natural gas and propane air and hydronic distribution heating system AFUE 

¶ Oil-fired hydronic distribution heating system AFUE 

¶ Cooling and water heating system efficiencies 

Preliminary UDRH input estimates are lower energy efficiency than current UDRH inputs for 

the following characteristic: 

¶ Wall U-value  

¶ Floor over unconditioned basement U-value  

                                                 
1
 Several UDRH inputs are U-values. U-values are the overall heat transfer coefficient for the entire wall, floor or 

ceiling assembly, not just the insulation. The lower the U-value is, the more energy efficient the assembly. U-values 

calculated using REM/Rate software account for the R-value of framing members, the R-value of other components 

such as air barriers and drywall, the R-value of the insulation, and the quality of the insulation installation. If 

insulation is compressed, or there are gaps, the energy efficiency of the assembly is lower and the U-value is higher. 
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¶ Oil-fired air distribution heating system AFUE 

¶ Duct leakage CFM25/100 Sq. Ft. 

Table ES 1:  Comparison of Current and Preliminary Estimated UDRH Inputs 

Building Characteristic 
Current 
UDRH 
Inputs 

2011 
Baseline 

Preliminary 
UDRH Input 
Estimates 

Number of 
Baseline 
Homes or 
Systems 

Wall U-value  U0=.0.065 U0=0.073 40 Homes 

Wall Insulation R-value (Not a UDRH Input)**  R-20 R-17.75 40 Homes 

Flat Ceiling U-value U0=0.058 U0=0.051 35 Homes 

Flat Ceiling Insulation R-value (Not a UDRH Input)**  R-31 R-34.6 35 Homes 

Cathedral Ceiling U-value U0= 0.057 U0=0.044 19 Homes 

Cathedral Ceiling Insulation R-value (Not a UDRH Input)**  R-29.6 R-32.8 19 Homes 

Floor over Unconditioned Space U-value U0=0.04 U0=0.12 26 Homes 

Floor over Unconditioned Space Insulation R-value 
(Not a UDRH Input)**  

R-30 R-17.6 27 Homes 

Foundation Wall Insulation R-value (conditioned basements) R=13 R=18.6 4 Homes 

Window U-value and SHGC 
U=0.35 U=0.34 5 Homes Plus 

Secondary 
Information 

SHGC=0.35 SHGC=0.31 

Air Infiltration  ACH50 6.72 ACH50 5.96 ACH50 38 Homes 

Gas* Fuel Fired Air Distribution Heating Systems 
(Furnaces and Hydro-Air) 

89.2 AFUE 92.2 AFUE 
26 Heating 
Systems 

Gas* Fuel Fired Hydronic Distribution Heating Systems  
(Hot Water Boilers) 

81.7 AFUE 88.7 AFUE 
10 Heating 
Systems 

All Gas* fuel Fired Heating Systems 88.5 AFUE 91.3 AFUE 
36 Heating 
Systems 

Oil Fuel Fired Air Distribution Heating Systems  
(Furnaces and Hydro-Air) 

83.9 AFUE 81.6 AFUE 
2 Heating 
Systems 

Oil Fuel Fired Hydronic Distribution Heating Systems  
(Hot Water Boilers) 

84.4 AFUE 86.0 AFUE 
4 Heating 
Systems 

All Oil fuel Fired Systems 84.3 AFUE 84.9 AFUE 
6 Heating 
Systems 

Gas* Domestic Stand Alone Storage Tank Water Heater Energy 
Factor 

0.58 EF 0.63 EF 
8 Water 
Heaters 

Cooling Efficiency SEER (Seasonal Energy Efficiency Ratio) 13.0 SEER 13.1 SEER 
40 Cooling 
Systems 

Duct Leakage (CFM25/100 Sq. Ft.) 14 20 22 Homes 

Duct InsulationτAttic Supply Ducts R=7.46 R=7.57 16 Homes 

Duct InsulationτAll Ducts in Unconditioned Space R=4.68 R=6.62 24 Homes 

*Gas includes both natural gas and propane equipment. 

**Rows highlighted in gray for wall, ceiling and floor insulation are not UDRH inputsðthe UDRH inputs are the 

U-values. The R-values are the insulation levels auditors observed when inspecting homes and are presented for 

information only for readers not that familiar with U-values. 
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Comparison to Individual 2009 IECC Prescriptive Insulation 

Requirements 

There are three types of 2009 IECC requirements: mandatory, prescriptive and performance. 

Examples of mandatory requirements are air and duct sealing and equipment sizing. Prescriptive 

compliance path requirements address insulation, fenestration and lighting. Performance 

compliance path requirements are based on a homeôs performance using a simulation model, 

such as REM/Rate. The purpose of this study is not to assess code compliance for each inspected 

home, nor is it to evaluate code enforcement. Details on the compliance path utilized by each of 

the audited homes would be necessary to conduct such an evaluation, and this information was 

available for only some homes. The results presented here are not indicative of whether or not a 

home fully complied with code under an accepted compliance path. Throughout this report, 2009 

IECC prescriptive path code requirements are simply used as reference points for comparison, 

with the percentages of inspected homes that meet or fail to meet prescriptive requirement levels 

presented. Comparing what was observed in inspected homes to specific prescriptive insulation 

requirements serves as a tool for assessing how many homes, regardless of what compliance path 

they followed, met those requirements.  

Although the purpose of this study is not to assess code compliance for each inspected home, 

results clearly show room for improving the energy efficiency of new homes. Almost all 

inspected homes, 95%, have at least one instance where the R-value of installed insulation is 

below 2009 IECC prescriptive insulation requirements or mandatory duct insulation 

requirements:
2
 

¶ Wood framed wall insulation of R-20 or R-13 cavity insulation plus R-5 insulated 

sheathing 

¶ Conditioned basement foundation wall insulation of R-10 continuous or R-13 cavity 

¶ Ceiling insulation of R-38 (Allows up to 500 square feet of vaulted ceiling area to be 

R-30)  

¶ Floor insulation over unconditioned spaces of R-30 or framing cavity filled 

¶ Attic supply duct insulation of R-8 and all other ducts in unconditioned space insulated to 

R-6 

Table ES 2 on the next page categorizes inspected homes by what applicable prescriptive 

insulation requirements were not met. As shown, 23% of spec and 21% of custom homes, for a 

weighted average of 23%, did not meet prescriptive wall, ceiling and floor insulation 

requirements; 23% of spec and 7% of custom homes, for a weighted average of 21%, did not 

meet prescriptive wall, floor and duct insulation requirements; 15% of spec and 14% of custom 

homes, for a weighted average of 15%, met all applicable prescriptive insulation requirements 

                                                 
2
 Note that two building components are not addressed hereðwindows and slab floors. Documented U-value and 

SHGC information for windows was available for a limited number of homes where the original NFRC (National 

Fenestration Rating Council) sticker was visible. Auditors were unable to observe underneath the slabs and, 

therefore, were able neither to confirm the existence nor record the R-values of slab floor insulation in most homes. 
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except for exterior wall insulation. Only two homes, one spec and one custom, met all applicable 

insulation requirements for a weighted average of 4%. (See Appendix A 2009 IECC Prescriptive 

Code Compliance by Site for a list of the types of insulation applicable to each home, which 

prescriptive insulation requirements the home met, and which the home did not meet.)  

Table ES 2:  Applicable 2009 IECC Prescriptive Insulation Requirements Not Met 

Applicable 2009 IECC Prescriptive 
Insulation Requirements Homes Failed 

to Meet  

All 
Homes 
(n=40) 

Spec 
Homes 
(n=26) 

Custom 
Homes 
(n=14) 

Weighted 
(Spec/ 

Custom)  

Wall, Ceiling & Floor 9 (23%)  6 (23%)  3 (21%)  23% 

Wall, Floor & Duct 7 (18%)  6 (23%)  1 (7%)  21% 

Wall 6 (15%)  4 (15%)  2 (14%)  15% 

Ceiling 2 (5%)  1 (4%)  1 (7%)  4% 

Ceiling & Floor 2 (5%)  1 (4%)  1 (7%)  4% 

Wall & Duct 2 (5%)  0 (0%)  2 (14%)  1% 

Wall, Ceiling & Duct 2 (5%)  2 (8%)  0 (0%)  7% 

Wall, Ceiling, Floor & Duct 2 (5%)  1 (4%)  1 (7%)  4% 

Ceiling, Floor & Duct  1 (3%)  0 (0%)  1 (7%)  1% 

Exterior Wall & Foundation Wall 1 (3%)  1 (4%)  0 (0%)  3% 

Exterior Wall, Foundation Wall & Ceiling 1 (3%)  1 (4%)  0 (0%)  3% 

Floor 1 (3%)  0 (0%)  1 (7%)  1% 

Foundation Wall & Duct 1 (3%)  1 (4%)  0 (0%)  3% 

Wall & Ceiling 1 (3%)  1 (4%)  0 (0%)  3% 

None:  Met All Applicable Requirements 2 (5%)  1 (4%)  1 (7%)  4% 

 

Compliance Reports  

An exploratory analysis of 2009 IECC was conducted based on the 40 inspected homes using 

four different compliance paths and the 2009 IECC checklist developed by PNNL. The four 

compliance paths are the Prescriptive, Home Energy Rating, Annual Energy Cost, and Overall 

Building UA compliance paths. The Home Energy Rating, Annual Energy Cost, and Overall 

Building UA compliance paths were all assessed using reports and calculations available through 

the REM/Rate software. This approach allowed the evaluation team to leverage the REM/Rate 

files that were compiled for other pieces of this report and utilize those files for this analysis. 

Again, it should be noted that the purpose of this study is not to assess code compliance for each 

inspected home, nor is it to evaluate code enforcement. Details on the compliance path utilized 

by each of the audited homes would be necessary to conduct such an evaluation, and this 

information was not available for all homes; the compliance approach was determined for only 

30 of the 40 inspected homes. Therefore, the results presented in this report are not indicative of 

actual code compliance but serve as a tool for assessing specific prescriptive measure 
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compliance and how homes would likely perform under different performance based compliance 

paths. 

Analysis of the REM/Rate compliance reports shows that homes would be likely to achieve the 

highest compliance using the Overall Building UA path (10% of all homes), followed by the 

Annual Energy Cost path (5% of all homes) and the Prescriptive path (5% of all homes). With 

respect to the 2009 IECC checklist, homes on average received 56% of possible checklist points; 

overall compliance with most individual checklist items is over 60%. It is important to note that 

Overall Building UA compliance was assessed using REM/Rate, not the more commonly used 

REScheck
TM

 software. REM/Rate, unlike REScheck, accounts for the quality of the insulation 

installation when calculating overall UA values. For this reason it is much more difficult to 

achieve compliance using the REM/Rate UA approach as opposed to using REScheck. More 

details on code compliance can be found in the code compliance section of this report. See 

Section 5 Code Compliance. 

Manual J Assessments and HVAC Performance 

REM/Rate was used to assess heating and cooling system sizing. Results show most heating and 

cooling systems are oversized. The average heating equipment size ratio is 2.32, indicating that 

the average installed heating system rated capacity is 2.32 times the properly sized system 

capacity. For cooling systems, the average size ratio is 1.54, indicating that the average installed 

cooling system rated capacity is 1.54 times the properly sized system capacity. See Section 8.4 

Heating and Cooling Equipment SizingïManual J. 

In-field measurements were performed to calculate the actual cooling capacities and efficiencies 

of a sample of residential central air conditioning (CAC) systems throughout the state.
3
 Twelve 

sites were ultimately included in the analysis; the average operating capacity was found to be 

18.9% less than the rated capacity while the operating efficiency was found to be 5.5% less than 

the rated efficiency. More details on the HVAC performance testing analyses can be found in 

Section 8.3 HVAC Performance Testing. 

Comparison to 2011 Program Single-Family Homes  

Selected building characteristics of 2011 baseline homes are compared to the characteristics of 

single-family homes completed through the 2011 Program.
4
 Average flat ceiling U-values, floor 

over unconditioned basement U-values and R-values, attic supply duct insulation R-values, air 

infiltration, duct leakage and HERS indices are all significantly less energy efficient in baseline 

homes; all these differences are statistically significant at the 90% confidence level. Differences 

in average conditioned/ambient wall R-values and U-values, flat ceiling R-values, cathedral 

                                                 
3
 Central heat pumps were included in the sample, but only the cooling performance of such systems was 

considered. Some homes used window air conditioning units, which were not included in the CAC analysis. 
4
 Data on the characteristics of 2011 Program single-family homes were extracted from the REM/Rate files of all 

single-family homes completed through the 2011 Program. 
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ceiling U-values and R-values, foundation wall insulation levels, and insulation on ducts located 

in unconditioned space between Program and baseline homes are not statistically significant at 

the 90% confidence level. See Section 4 Comparison to 2011 Program Single-Family Homes. 

On-site Homeowner Survey 

Homeowners were asked to complete a short survey during the on-site inspections. The 

homeowners are a diverse group with representation across an array of education, age, and 

income levels, though on the whole they tend to be well-educated with annual incomes above the 

state average. The most commonly cited method of purchasing a new home is to purchase a lot 

from a builder and select one of several house plans offered by the builderðone in four homes 

was purchased by this method. On average, homeowners who purchased land and worked with 

an architect and/or builder to design and build the home have the most energy-efficient homes. 

Homeowners with annual incomes greater than $150,000 have, on average, the most efficient 

homes, while those with annual incomes less than $50,000 have the least efficient homes. 

Homeowners aged 65 and over tend both to have lower incomes and less efficient homes. 

Over four-fifths of the homeowners discussed energy efficiency with their builder or sales agent. 

Most homeowners said that getting an energy-efficient home was relatively important in their 

decision to buy or build their home. However, homeowners who asked their builder or agent 

about energy efficiency, or who assigned a high importance rating to energy efficiency, did not 

necessarily get energy-efficient homes. Four out of five of the owners of the five least efficient 

homes asked their builder or sales agent about energy efficiency and assigned a high importance 

rating to getting an energy-efficient home. Survey findings indicate that homeowners are not 

very good at assessing the energy efficiency of their homes, although owners of custom homes 

tend to be better at this than owners of spec homes. 

Nearly three-quarters (73%) of homeowners said that they had seen or heard of a newly 

constructed home being referred to as an ENERGY STAR Home. However, findings suggest 

making potential home buyers aware of ENERGY STAR homes is not enough to get them to act 

on that awareness when they look for a home or a builder to build a custom home. Fewer than 

one out of four homeowners who said they had seen or heard of a newly constructed home being 

referred to as an ENERGY STAR home said they asked their builder or sales agent about 

ENERGY STAR homes. See Section 6 Homeowner On-Site Survey. 

Remainder of the Report 

Detailed information supporting the findings presented in this executive summary is provided in 

the body of the report. Appendix C Insulation Grades and Appendix D Building Practicesð

Examples from the Site Visits address how insulation installations were graded and provide 

examples of good and bad building practices observed during the site visits.  
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1 Introduction 

Auditors conducted on-site audits at 40 recently completed single-family homes across Rhode 

Island that did not participate in the Rhode Island RNC Program. Figure 1-1 shows 25% of 

inspected homes were completed in 2010 and 75% in 2011. 

Figure 1-1:  Year Homes Completed 

  

 

Homes were inspected from early August through early November of 2011 with several 

objectives in mind:   

¶ Providing a baseline study of 40 recently completed single-family homes across Rhode 

Island that did not participate in the RI RNC Program and were permitted under 2009 

IECC that can be used to update baseline home assumptions used in calculating energy 

savings for the Rhode Island Program 

¶ Conducting a full HERS rating for each home using REM/Rate
TM

 software 

¶ Providing a comparison of 2011 baseline homes to single-family homes completed 

through the 2011 Program 

¶ Using 2009 IECC compliance reports produced by REM/Rate to assess how the baseline 

homes would likely perform under different performance based compliance paths 

¶ Assessing code compliance using the 2009 IECC checklist developed by Pacific 

Northwest National Laboratory (PNNL) 
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 General Characteristics of Inspected Homes 1.1

The most popular style of the homes inspected is colonial (33% of inspected homes), followed 

by cape (18%), ranch (18%), and contemporary (15%). With the exception of two attached 

homes, all of the homes are detached single-family homes. All homes except for one are year-

round primary residences. The smallest home inspected is 935 square feet and the largest is 

5,244 square feet (Figure 1-2). The average conditioned floor area
5
 for all homes is 2,245 square 

feet and the median is 1,974 square feet. The average custom home is 2,591 square feet and the 

average spec home is 2,058 square feet. The majority of homes (63%) are two stories; 33% are 

one to one and one-half stories and 5% are two and one-half to three stories. Figure 1-3 shows 

examples of the different size homes inspected. 

Figure 1-2: Conditioned Floor Area 

 

 

Figure 1-3: Examples of Inspected Homes 

 

                                                 
5
 RESNET definition of conditioned floor area (CFA): ñCFA includes all finished space that is within the 

(insulated) conditioned space boundary (that is, within the insulated envelope), regardless of HVAC configuration.  

CFA includes unfinished spaces that are directly conditioned, that is, they have ñfully ductedò intentional HVAC 

supply (or other intentional heat source). CFA does not include spaces such as insulated basements or attics that are 

unfinished, if there is no intentional HVAC supply, or minimal supply (inadequate to be considered directly 

conditioned space. CFA does not include heated garages.ò 

 Source:  http://www.resnet.us/standards/Floor_Area_Interpretation.pdf 

http://www.resnet.us/standards/Floor_Area_Interpretation.pdf
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1.1 On-Site Data Collection  

An on-site data collection form that contained the inputs required to conduct a full HERS rating 

and complete the 2009 IECC checklist was developed. The data collection form was broken up 

into six primary sections that are detailed in Table 1-1. (See Appendix E Data Collection Form) 

Table 1-1:  Data Collection Form Inputs 

General 
Information 

Insulation/Shell 
Measures 

Mechanical 
Equipment 

Test 
Results 

Lighting & 
Appliances 

2009 IECC 
Checklist 

¶ House type 

¶ Area of 
conditioned 
space 

¶ Volume of 
conditioned 
space 

¶ Primary heating 
fuel 

¶ Stories 

¶ Bedrooms 

¶ Thermostat 
type 

¶ Builder type 

¶ Own/Rent 

¶ Evaluation 
region 

¶ Exterior 
walls 

¶ Ceilings 

¶ Frame 
floors 

¶ Rim/Band 
joists 

¶ Windows 

¶ Skylights 

¶ Doors 

¶ Slab Floors 

¶ Foundation 
walls 

¶ Mass walls 

¶ Sunspaces 

¶ Heating 
equipment 

¶ Water 
heating 
equipment 

¶ Cooling 
equipment 

¶ Duct 
insulation 

¶ Renewables 

¶ Blower 
door 
results 

¶ Duct 
blaster 
results 

¶ CFL fixtures 

¶ Incandescent 
or Halogen 
fixtures 

¶ Fluorescent 
tube fixtures 

¶ LED fixtures 

¶ Ceiling Fans 

¶ Refrigerators 

¶ Dishwashers 
 

¶ Yes/No 
checklist 
items that are 
not detailed 
within other 
sections of 
the form 

 

One of the challenges of inspecting completed homes is that several building envelope 

components are not accessible or visible. Specifically, three components are difficult to verify in 

a post-occupancy inspection: slab insulation, exterior foundation wall insulation, and window 

efficiencies. Slab insulation is almost never visible once the slab has been poured. Similarly, if 

exterior foundation wall insulation does not extend above grade then it is very difficult to 

visually verify in a post-occupancy inspection. Finally, window U- and SHGC values are 

difficult to verify in occupied homes as most homeowners have removed the NFRC labels from 

the windows in their home and typically do not retain a copy. For all three measures auditors 

may be able to estimate the efficiency related characteristics based on building plans or 

discussions with homeowners, builders, or contractors.  

Framing was relatively easy to determine based on the depth of the wall, which was determined 

either by looking at the width of a door frame or window, or by removing an electrical outlet 

cover and measuring the depth of the wall. Insulation levels and the quality of installation were 

harder to verify. Floor insulation type, R-value and installation grade were almost always 

verifiable, as insulated frame floors are rarely enclosed except when located between conditioned 

space and a garage or conditioned space and the outside. Wall insulation characteristics were 
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frequently verifiable in the basement or attic knee walls, although the installation grade was 

sometimes reported as not observable because the walls were enclosed.  

The default assumptions for the level of insulation were R-19 for 2x6 stud walls and R-11 for 

2x4 stud walls; these are common insulation values for these size walls. The default assumption 

for the type of insulation was fiberglass batts if that was the type of insulation visible in other 

areas of the home. It is possible, using these assumptions, that the prevalence of fiberglass batts 

may be overestimated and the prevalence of other insulation types may be underestimated. 

However, given the verification of fiberglass batts in so many homes, this does seem to be a 

reasonable approach to estimating the insulation type in unobservable components. Throughout 

this report, the percentage of homes in which auditors were able to visually inspect insulation is 

reported. 

In order to conduct a full HERS rating, auditors were required to assign an installation grade to 

each of the insulation components in the home. Per RESNET standards there are three insulation 

installation grades: Grade I, Grade II, and Grade III. In general, Grade I is a ñperfectò 

installation, Grade II is a ñpretty goodò installation, and Grade III is a ñsloppyò installation. (See 

Appendix C Insulation Grades for full definitions of Grade I, II and III installations and pictures 

of insulation installations observed in inspected homes.) If the insulation installation was visible, 

then auditors applied the RESNET definitions to determine the installation grade. When the 

insulation was not visible (e.g., an enclosed wall cavity) auditors used what was observed in 

other areas of the home to help estimate the installation grade for that particular component. For 

example, if exterior wall insulation was visible in an unconditioned walk-out basement and 

assigned a Grade II installation, then the above grade walls for that home were also assigned a 

Grade II installation.  

Figure 1-4 shows a Grade I and a Grade III floor insulation installation. 

Figure 1-4:  Example of Grade I and Grade III Floor Insulation Installation 

 

 

Wall insulation (where visible) was predominantly fiberglass batts and was typically assigned 

either a Grade II or Grade III installation. Frame floor insulation was also predominantly 

fiberglass batts and typically assigned a Grade III installation as the insulation was often out of 
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contact with the subfloor. In general, Grade I applications were reserved for spray foam 

insulation and blown-in insulation (i.e., cellulose and fiberglass) in attics.  

The full extent of duct sealing was often unobservable as insulation was covering large portions 

of ductwork, preventing visual verification of duct sealing in many places. It was also difficult to 

verify that none of the building cavities were being used as supply ducts. In all applicable cases, 

auditors verified that basement floor joists were not being used as supply cavities. That said, in 

many cases it was difficult to confirm, without a reasonable doubt, that none of the wall cavities 

were being used as supply ducts. 
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2 Sampling Methodology 

The sampling methodology involved developing a sample of new homes from utility new 

residential permanent service requests and additional information collected from the city and 

town building departments about new homes that had been permitted under IECC 2009. Homes 

for the on-site inspections were selected based on their location and whether they were spec or 

custom built. 

 Sampling Plan 2.1

The sampling plan, shown in Table 2-1, was based on the number of building permits for homes 

in single unit residential buildings issued in each Rhode Island county in 2010.  

Table 2-1:  Sampling Plan  

County 
One Unit 
Building 
Permits 

Percent of 
State One Unit 

Building 
Permits 

Targeted On-
Site 

Inspections 

     Bristol 38 5% 2 

Kent 92 13% 5 

Newport 91 13% 5 

Providence 272 37% 15 

Washington 234 32% 13 

Total 727 100% 40 

 

In addition to the specified number of on-site inspections by county, the study attempted to 

recruit as many spec homes as possible, with a set limit of no more than 20 custom homes. The 

goal was to come as close as possible to the 90% to 10% spec/custom mix in the Rhode Island 

RNC Program, even though it was apparent that there were not enough spec homes built and 

occupied under IECC 2009 in the timeframe allowed for the on-sites. The reason for getting as  

many spec homes as possible was to provide a valid comparison of 2011 baseline study homes to 

single-family homes completed through the 2011 Program, which were overwhelmingly spec 

built homes. Spec and custom built homes were defined according to the homeownerôs response 

to the following screening question: 

How did you purchase your home?    

1. Purchased land and worked with an architect and/or builder to build the home   

2. Had a house plan and a lot and hired a contractor/builder to build the home  

3. Purchased a lot from a builder selected one of several house plans offered  by the builder 

and selected from various available upgrade options 

4. Purchased a home that was under construction and selected from various  available 

upgrade options 
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5. Purchased a finished home 

6. I am the owner and builder 

Homes were classified as custom built if the homeowner chose responses 1, 2, or 6; if the home 

owner chose responses 3, 4, or 5, the home was classified as spec built. 

There was also a goal to perform no more than two on-site inspections in each community; the 

reasoning is that new residential construction in each city and town would come under the same 

building inspection department and may thus have similar rates of code compliance. Because 

single unit new construction under IECC 2009 was concentrated in particular communities, these 

limits were eventually raised to four in Warwick, three in Tiverton, four in Lincoln, three in 

Smithfield, five in South Kingstown, five in Westerly, and three in all other cities and towns.   

 Sample Development 2.2

The sample of homes for the on-site inspections was initially developed from new residential 

permanent service requests collected by National Grid. New permanent service requests have 

been used to identify newly constructed homes for various baseline studies and new home buyer 

surveys. However, the tight timeframe for completing inspections of homes permitted under 

IECC 2009 necessitated repeated contacts with various building departments to ascertain that the 

homes identified by the new service requests had indeed been permitted under IECC 2009 and to 

identify additional homes that had been recently permitted under the new code. 

The data from the permanent new service requests received by National Grid from July 1, 2010 

through approximately the first three months of 2011 were cleaned to remove addresses where: 

¶ The home had participated in the Rhode Island Program. 

¶ The housing unit was obviously not a single-family detached or attached home. 

¶ There was only the builderôs name on the utility record. 

After the initial cleaning, the addresses were checked through the local building departments to 

ensure that the home had been permitted after the date when IECC 2009 would have been 

compulsory; the checks with the building departments also meant that new service requests that 

did not involve new home construction, such as those involving additions to existing homes or 

major renovations, could be screened out at this stage. Additional addresses that had been 

recently permitted under the new code, completed construction, and, in the case of spec homes, 

were no longer owned by the builders, were collected from the building departments. In total, 

information was obtained from 38 out of the 40 municipal building departments in Rhode 

Island.
6
 A total of 268 addresses considered possible candidates for the 40 on-sites were thus 

identified.  

                                                 
6
 Including 11 building departments that were contacted but reported that no homes had been built under IECC 

2009. 
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 Sample Selection 2.3

Sample selection involved pre-recruitment of both the homeowners identified through the utility 

permanent new service requests and building department records of homes permitted under 

IECC 2009. 

 Pre-Recruitment 2.3.1

Each homeowner at the 268 addresses identified was mailed a letter, with the National Grid logo, 

explaining the purpose of the study, what the on-site inspections would be like, and the 

incentives of $150 to $200 offered for participation. Where addresses identified through the 

building departments did not have phone numbers, homeowners were mailed a postcard they 

could return with a phone number along with the letter explaining the purpose of the study.  

 Sample Disposition 2.3.2

The sampling plan targeting a certain number of on-sites in each county along with the goal of a 

limited number of inspections per community and the spec/custom mix meant that some of the 

pre-recruited sample could not be used. Of the 268 names, 151 were considered not eligible 

because 1) the quota of inspections in a particular county was reached; 2) a certain number of 

inspections had already been scheduled in their city or town; or 3) a limit was being placed on 

the homes thought to be custom that were recruited. This meant a valid sample of 117 homes. 

Table 2-2 summarizes the disposition of the sample. 

 Table 2-2:  Sample Disposition 

Sample Description Number Percent 

Sample 268  

   Sample considered not eligible 151  

Valid Sample 117  

   Completed on-site inspections 40 34% 

   Refusals 19 16% 

   Not reached 58 50% 

 

It is important to note that the overwhelming majority of the valid sample not reached consists of 

messages left for homeowners that had no follow-up because the desired number of on-site 

inspections was reached. Of the homeowners who were reached, there were more than twice as 

many acceptances (40) than refusals (19).   
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 Completed On-Site Inspections 2.4

As Table 2-3 shows, the completed on-site inspections followed the sampling plan shown in 

Table 2-1 as closely as possible given the available number of homes permitted under IECC 

2009 and achieved a spec/custom mix of 65% to 35%.  

 Table 2-3:  Completed On-Site Inspections  

County 
Total On-Site 
Inspections 

Spec Built Custom Built 

Bristol 1 0 1 

Kent 6 4 2 

Newport 10 7 3 

Providence 12 8 4 

Washington 11 7 4 

Total 40 26 14 

 

Moreover, the inspections took place in 21 cities and towns across Rhode Island; there was only 

one inspection done in 12 communities, two inspections done in each of two communities, three 

inspections done in each of four communities, and four inspections done in each of three 

communities. The 21 communities covered are shown in Figure 2-1. 
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Figure 2-1:  On-Site Inspections 
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Table 2-4 presents summary economic characteristics by county. More than one-half of on-sites 

(55%) were conducted in counties where the median value of owner-occupied housing units is 

above the statewide median; 70% of on-sites were conducted in counties were the median 

household income is above the statewide median.  

Table 2-4:  Economic Characteristics by County 

County 
Completed On-
Site Inspections 

Median Value of 
Owner-Occupied 

Units* 

Median 
Household 
Income* 

Bristol 1 $345,432  $65,237  

Kent 6 $240,900  $58,907  

Newport 10 $375,700  $64,250  

Providence 12 $242,400  $47,887  

Washington 11 $341,400  $69,083  

Total Rhode Island 40 $283,700 $53,243  

*http://quickfacts.census.gov/qfd/states/09/09001.html; median home values and income are for the 

years 2006 through 2010 

There is considerable variation in economic characteristics among the cities and towns within 

each county, so Table 2-5 examines the median housing values and incomes in the communities 

with on-sites. At a community level, there were considerably more on-sites in communities with 

housing values above the statewide median and in communities with incomes above the 

statewide median.  

Table 2-5:  Economic Characteristics by Community 

 
Median Value 

of Owner-
Occupied Units* 

Median 
Household 
Income* 

On-Sites in Communities Above State Median 77% 70% 

On-Sites in Communities Below State Median 23% 30% 

*http://www.city-data.com/; data are for 2009. 

 Weighting 2.5

While a great effort was made to recruit as many spec built homes as possible for the on-sites, 

there was a higher portion of spec built homes that participated in the RI RNC Program (90%) 

than spec built homes that participated in the on-sites (65%). Thus, in order to reflect the mix in 

the Rhode Island ENERGY STAR Program, the data are weighted by 90% for spec built homes 

and 10% for custom homes. 

The tables in this report generally show the unweighted data from all 40 homes inspected for the 

2011 baseline, the unweighted data from the spec built homes inspected, the unweighted data 

from the custom homes inspected and the weighted average of spec and custom homes. 

Statistically significant differences at the 90% confidence level between spec and custom homes 

are noted in the appropriate tables.  
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 Sampling Error  2.6

In developing the on-site sample design, the evaluation team drew from experience in similar 

studies to estimate a coefficient of variation (CV) and a sample size that would provide a 

precision of ± 10% at the 90% confidence level. Assuming a coefficient of variation of 0.49, 

based on a Vermont residential new construction baseline study conducted in 2008
7
, the team 

estimated that a sample size of 59 homes would be adequate to produce a final precision of 

± 10% at the 90% confidence level; assuming a lower coefficient of variation of 0.37, based on a 

Massachusetts residential new construction baseline study conducted in 2005
8
,  would reduce the 

estimated sample size to produce a final precision of ± 10% at the 90% confidence level to 35 

homes.  

As a result of this study the evaluation team is able to utilize actual coefficients of variation to 

estimate the final precision levels of key home characteristics. The coefficient of variation is of 

central importance to determining the final precision levels. A primary objective of this study is 

to document the existing building and equipment status of new single-family homes by feature. 

Some features are far more variable than others. In this study, duct leakage and air infiltration are 

the most variable, and HVAC system efficiencies the least variable. No single building 

component is a reliable indicator of a buildingôs overall efficiency. An advantage of conducting 

HERS ratings on all homes is that we have a measure of a homeôs overall energy efficiency that 

looks at a home as a system and how various individual components of the home work together.  

                                                 
7
 Vermont Residential New Construction Baseline Study Analysis of On-site Audits, Submitted to Vermont 

Department of Public Service by Nexus Market Research, Inc., RLW Analytics, Inc. and Dorothy Conant. July 

2009. 
8
 Massachusetts ENERGY STAR Homes 2005 Baseline Study Part I: Inspection Data Analysis, Submitted to Joint 

Management committee by Nexus Market Research and Dorothy Conant. May 2006. 
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Table 2-6 shows the coefficients of variation and relative precisions at the 90% confidence level 

for several key building components and measurements that influence a homeôs energy 

efficiency. Based on these coefficients of variation, relative precision ranges from ± 0.9% for all 

central air conditioning SEER to ± 19.2% for duct leakage. The HERS index, which is the one 

measurement that addresses multiple building components, has a coefficient of variation of 0.15 

and a good relative precision of ± 3.8% at the 90% confidence level.  

Table 2-6:  Coefficients of Variation and Relative Precision for Key Residential 
Construction Measurements 

Parameter 
Sample 

Size  

Coefficient 
of 

Variation 

Relative 
Precision 

Central Air Conditioning SEER 39 0.04 ±0.9% 

All Fossil-Fuel Fired Heating System AFUE 43 0.06 ±1.4% 

HERS Index 40 0.15 ±3.8% 

Conditioned/Ambient Wall Insulation R-Value 40 0.19 ±4.7% 

Flat Ceiling Insulation R-Value 35 0.19 ±5.1% 

Cathedral Ceiling Insulation R-Value 19 0.18 ±6.5% 

Air InfiltrationτAir Changes per Hour at 50 Pascals 38 0.35 ±9.0% 

Duct LeakageτCFM25/100 Sq. Ft. 22 0.56 ±19.2% 
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3 Preliminary User Defined Reference Home (UDRH) Inputs  

The 2011 Baseline UDRH inputs are preliminary estimates based on study findings weighted to 

reflect the mix of single-family spec and custom housing in the 2011 Program. This section 

presents detailed tables showing the data used to develop UDRH inputs. Several of the rows in 

the tables are data that show study results in more detail than used for UDRH inputs, for example 

more detailed heating system categoriesðthese rows are marked ñFor Reference Only.ò These 

For Reference Only rows are included to provide supporting information that the Program 

Administrator may find useful when developing final UDRH inputs. Because of small baseline 

sample sizes in Rhode Island for some types of heating systems, water heating systems, 

foundation walls and slabs, data are presented for combined Rhode Island and Massachusetts 

baseline samples as well as for just the Rhode Island sample. The Program Administrator will 

review these preliminary UDRH estimates and develop a final set of UDRH inputs. 
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HEATING UDRH INPUTS Weighted Sample Results (90% Spec 10% Custom) 

Current Rhode Island  UDRH Inputs 
All 

Systems  
(n) 

Weighted 
Average 

AFUE 

All Homes 
Average 

AFUE 
(Raw Data) 

Systems 
in Spec 
Homes 

(n) 

Spec 
Home 

Average 
AFUE 

Systems 
in 

Custom 
Homes 

(n) 

Custom 
Home 

Average 
AFUE 

Spec/ 
Custom 

Difference 

Gas Fuel Fired Air Distribution (Furnaces and Hydro-Air) 89.2 AFUE 26 92.2 92.30 18 92.14 8 92.73 Not Significant 

Gas Fuel Fired Hydronic Distribution (Hot Water Boilers) 81.7 AFUE 10 88.7 90.52 6 88.08 4 94.18 Significant 

All Gas fuel Fired Systems For Reference Only 36 91.3 91.82 24 91.12 12 93.21 Not Significant 

Oil Fuel Fired Air Distribution (Furnaces and Hydro-Air) 83.9 AFUE 2 81.6 84.00 1 81.00 1 87.00 n/a 

Oil Fuel Fired Hydronic Distribution (Hot Water Boilers) 84.4 AFUE 4 86.0 85.99 3 85.99 1 86.00 n/a 

All Oil fuel Fired Systems For Reference Only 6 84.9 85.33 4 84.74 2 86.50 n/a 

RI & MA DATA COMBINED: WEIGHTED  90% Spec 10% Custom 
Gas Fuel Fired Air Distribution (Furnaces and Hydro-Air) For Reference Only 126 92.1 92.09 99 92.06 27 92.20 Not Significant 

Gas Fuel Fired Hydronic Distribution (Hot Water Boilers) For Reference Only 17 86.8 89.02 10 86.09 7 93.21 Significant 

All Gas fuel Fired Systems For Reference Only 143 91.6 91.72 109 91.51 34 92.41 Not Significant 

Oil Fuel Fired Air Distribution (Furnaces and Hydro-Air) For Reference Only 12 83.5 84.04 9 83.11 3 86.83 Significant 

Oil Fuel Fired Hydronic Distribution (Hot Water Boilers) For Reference Only 7 85.3 85.37 6 85.26 1 86.00 n/a 

All Oil fuel Fired Systems For Reference Only 19 84.2 84.53 15 83.97 4 86.63 Significant 

Heating System Location  
Unconditioned 

Space 
  

Boilers in Conditioned Space For Reference Only 20 
16%*of 
Systems 

15% of 
Systems 

12 
17% of 
Systems 

8 13% Not Significant 

Furnaces in Conditioned Space For Reference Only 22 
31%* of 
Systems 

32% of 
Systems 

16 
31% of 
Systems 

6 33% Not Significant 

Boilers and Furnaces in Conditioned space For Reference Only 42 
25%* of 
Systems 

24% of 
Systems 

28 
25% of 
Systems 

14 21% Not Significant 

Individual Heating System Types                   

Fuel Fired Air Distribution (natural gas) For Reference Only 14 93.0 92.5 9 93.2 5 91.4 Not Significant 

Fuel Fired Hydronic Distribution (natural gas) For Reference Only 5 92.5 93.0 3 92.3 2 94.10 n/a 

Fuel Fired Air Distribution (propane)  For Reference Only 12 91.5 92.1 9 91.1 3 95.00 Significant 

Fuel Fired Hydronic Distribution (propane)  For Reference Only 5 84.9 88.0 3 83.8 2 94.25 n/a 

Combined appliance (natural gas)  For Reference Only 1 91.0 91.0 1 91.0 0 n/a n/a 

Combined appliance (propane) For Reference Only   No Baseline Homes  
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HEATING UDRH INPUTS Weighted Sample Results (90% Spec 10% Custom) 

Current Rhode Island  UDRH Inputs 
All 

Systems  
(n) 

Weighted 
Average 

AFUE 

All Homes 
Average 

AFUE 
(Raw Data) 

Systems 
in Spec 
Homes 

(n) 

Spec 
Home 

Average 
AFUE 

Systems 
in 

Custom 
Homes 

(n) 

Custom 
Home 

Average 
AFUE 

Spec/ 
Custom 

Difference 

Individual Heating System Types (continued) 

Combined appliance (oil)  For Reference Only   No Baseline Homes 

Air Source Heat Pump For Reference Only   No Baseline Homes 

Ground Source Heat Pump  For Reference Only 1 
14.2 HSPF 
(4.15 COP) 

14.2 HSPF 
(4.15 COP) 

1 
14.2 HSPF 
(4.15 COP) 

0 n/a n/a 

Dual Fuel Heat Pump  For Reference Only   No Baseline Homes  

All Gas Furnaces Natural Gas & Propane For Reference Only 22 92.6 92.8 16 92.5 6 93.6 Not Significant 

Natural Gas Furnaces For Reference Only 10 94.0 93.6 7 94.2 3 92.1 Significant 

Propane Furnaces For Reference Only 12 91.5 92.1 9 91.1 3 95.0 Significant 

All Oil Furnaces For Reference Only   No Baseline Homes 

Gas Boilers Nat. Gas & Propane For Reference Only 14 88.9 90.4 8 88.5 6 92.87 Significant 

Natural Gas Boilers For Reference Only 9 91.3 91.7 5 91.2 4 92.18 Not Significant 

Propane Boilers For Reference Only 5 84.9 88.0 3 83.8 2 94.25 n/a 

Oil Boilers For Reference Only 6 84.9 85.3 4 84.7 2 86.50 n/a 
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COOLING UDRH INPUTS   Weighted Sample Results (90% Spec 10% Custom) 

Current Rhode Island  UDRH Inputs 
 

All  
Systems 

 or Homes 
(n) 

Weighted 
Average 

All Homes 
Average  

(Raw Data) 

Systems in 
Spec 

Homes 
(n) 

 Spec 
Home 

Average  

Systems 
in 

Custom 
Homes 

(n) 

Custom 
Home 

Average  

Attached/ 
Detached 
Difference 

Air Conditioner SEER 13 SEER 40 13.1 SEER 13.4 SEER 25 13.1 SEER 15 13.9 SEER Significant 

Square Feet of Conditioned Space per Ton For Reference Only 27 Homes 625 Sq. Ft 645 Sq. Ft. 18 616 Sq. Ft. 9 703 Not Significant 

Located in Conditioned Space For Reference Only 41 
23% of A/C 

Units 
22% of A/C 

Units 
25 

24% of 
A/C Units 

16 19% Not Significant 

      
       

Ground Source Heat Pump   For Reference Only 1 20.75 EER 20.75 EER 0 n/a 1 20.75 EER n/a 

Ductless Mini Split*  For Reference Only 1 19.0 SEER 19.0 SEER 0 n/a 1 19 n/a 

*Ductless Mini Split cools only one room. It is not included in square feet per ton data, which includes only homes with central air conditioning for the entire 
home. It is included in the Air Conditioner Unit SEER data. 
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WATER HEATING UDRH INPUTS Weighted Sample Results (90% Spec 10% Custom) 

Current Rhode Island UDRH Inputs 
 

All 
Systems 

(n) 

Weighted 
Average 

EF 

All 
Homes 
Average 
EF (Raw 
Data) 

Systems 
in Spec 
Homes 

(n) 

Average 
EF 

Systems 
in 

Custom 
Homes 

(n) 

Average 
EF 

Spec/Custom 
Difference 

Gas Conventional 0.58 EF 8 0.63 0.63 7 0.63 1 0.65 n/a 

Gas Integrated 0.75 EF 8 0.80 0.82 4 0.80 4 0.84 Not Significant 

Oil Conventional  0.61 EF   No Baseline Homes           

Oil Integrated  0.69 EF 4 0.78 0.78 2 0.77 2 0.80 n/a 

Electric Resistance 0.86 EF 6 0.91 0.91 5 0.91 1 0.90 n/a 

  

RI & MA DATA COMBINED: WEIGHTED 90% Spec 10% Custom 

Gas Conventional  For Reference Only 60 0.63 0.63 52 0.63 8 0.64 Not Significant 

Gas Integrated  For Reference Only 19 0.81 0.84 6 0.81 13 0.85 Significant 

Oil Conventional   For Reference Only   No Baseline Homes           

Oil Integrated   For Reference Only 10 0.78 0.79 6 0.78 4 0.80 Not Significant 

Electric Resistance  For Reference Only 26 0.90 0.90 23 0.90 3 0.89 Not Significant 

Gas Instantaneous 0.62 EF 23 0.84 0.85 12 0.84 11 0.86 Not Significant 

Weighted Average all Natural Gas and Propane Conventional and 
Instantaneous (weighting based on percentages of conventional 
and instantaneous systems) For Reference Only 

83   0.69           

all Natural Gas and Propane Conventional and Instantaneous  83 0.68 0.69 64 0.67 19 0.77 Significant 

Water Heater Location 
Unconditioned 

Space 
 

Instant (Boiler) Percent in Conditioned Space For Reference Only 11 25% 45% 5 20% 6 67% Not Significant 

Integrated (with Tank & Tankless Coil) 
Percent In Conditioned Space 

For Reference Only 16 21% 19% 9 22% 7 14% Not Significant 

Storage Percent in Conditioned Space For Reference Only 14 33% 36% 12 25% 2 100% Significant 

Total Percent in Conditioned Space For Reference Only 41 25% 32% 26 23% 15 47% Not Significant 

   
Conventional (Natural Gas)  For Reference Only 6 0.62 0.63 5 0.62 1 0.65 n/a 

Conventional (Propane)  For Reference Only 2 0.65 0.65 2 0.65 0 n/a n/a 

Integrated (Natural Gas)  For Reference Only 5 0.83 0.83 2 0.82 3 0.84 n/a 

Integrated (Propane)  For Reference Only 3 0.78 0.78 2 0.77 1 0.85 n/a 
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WATER HEATING UDRH INPUTS Weighted Sample Results (90% Spec 10% Custom) 

Current Rhode Island UDRH Inputs 
 

All 
Systems 

(n) 

Weighted 
Average 

EF 

All 
Homes 
Average 
EF (Raw 
Data) 

Systems 
in Spec 
Homes 

(n) 

Average 
EF 

Systems 
in 

Custom 
Homes 

(n) 

Average 
EF 

Spec/Custom 
Difference 

Instantaneous Gas   For Reference Only 11 0.85 0.87 5 0.84 6 0.89 Significant 

Instantaneous (Natural Gas)   For Reference Only 5 0.86 0.86 3 0.85 2 0.88 n/a 

Instantaneous (Propane)   For Reference Only 6 0.83 0.88 2 0.83 4 0.90 n/a 

Tankless Coil  For Reference Only 4 0.48 0.48 3 0.48 1 0.45 n/a 

                    

All Natural Gas and Propane Conventional and Instantaneous. For 
Reference Only  

19 0.73 0.77 12 0.72 7 0.86 Significant 

Weighted Average all Natural Gas and Propane Conventional and 
Instantaneous (weighting based on percentages of conventional 
and instantaneous systems) For Reference Only 

19   0.77           
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Wall UDRH INPUTS Weighted Sample Results (90% Spec 10% Custom) 

Current Rhode Island UDRH Inputs 
All 

Homes 
(n) 

Weighted 
Average 

Uo or 
R-value 

All Homes 
Average Uo 

or 
R-value  

(Raw Data) 

 Spec 
Homes 

(n) 

Spec Home 
Average Uo 

or 
R-value 

Custom 
Homes 

 (n) 

Custom 
Home 

Average Uo 
or 

R-value 

Spec/Custom 
Difference 

Above Grade Wall (Conditioned/Ambient) Uo= .065 40 0.073 0.071 26 0.074 14 0.066 Significant 

Above Grade Wall (Conditioned/Ambient) 
R-20 

For Reference Only 
40 17.7 18.3 26 17.5 14 19.6 Significant 

Conditioned/Garage Wall U-value For Reference Only 26 0.077 0.075 19 0.078 7 0.069 Not Significant 

Conditioned/Garage Wall R-value For Reference Only 26 17.0 17.3 19 16.7 7 19.0 Not Significant 

Conditioned/Attic Wall U-value For Reference Only 10 0.081 0.087 6 0.080 4 0.097 Significant 

Conditioned/Attic Wall R-value For Reference Only 10 16.7 15.6 6 17.0 4 13.5 Not Significant 

Floor UDRH INPUTS Weighted Sample Results (90% Spec 10% Custom) 

Current Rhode Island UDRH Inputs 
All 

Homes 
(n) 

Weighted 
Average 
Uo or 

R-value 

All Homes 
Average Uo 

or 
R-value  

(Raw Data) 

 Spec 
Homes 

(n) 

Spec Home 
Average Uo 

or 
R-value 

Custom 
Homes 

 (n) 

Custom 
Home 

Average Uo 
or 

R-value 

Spec/Custom 
Difference 

Frame Floor over Unconditioned Basement Uo= .04 26 0.119 0.111 19* 0.123 7 0.079 Not Significant 

Frame Floor over Unconditioned Basement 
R-30 

For Reference Only 
27 17.6 18.3 20 17.2 7 21.7 Not Significant 

Frame Floor over Outside Air U-value For Reference Only 10 0.085 0.069 6 0.09 4 0.038 Not Significant 

Frame Floor over Outside Air R-value For Reference Only 10 23.8 27.5 6 22.5 4 35.0 Significant 

Frame Floor over Garage U-value For Reference Only 13 0.054 0.069 8 0.049 5 0.100 Not Significant 

Frame Floor over Garage R-value For Reference Only 13 25.6 23.9 8 26.1 5 20.4 Not Significant 
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Ceiling UDRH INPUTS Weighted Sample Results (90% Spec 10% Custom) 

Current Rhode Island UDRH Inputs 
  

All 
Homes 

(n) 

Weighted 
Average 
Uo or 

R-value 

All Homes 
Average Uo 

or 
R-value  

(Raw Data) 

 Spec 
Homes 

(n) 

Spec Home 
Average Uo 

or 
R-value 

Custom 
Homes 

(n) 

Custom 
Home 

Average Uo 
or 

R-value 

Spec/Custom 
Difference 

 Attic  Uo= .058 35 0.051 0.051 24 0.051 11 0.051 Not Significant 

 Attic  
R-31 

For Reference Only 
35 34.6 34.5 24 34.6 11 34.2 Not Significant 

Vaulted Uo= .057 19 0.044 0.043 9 0.045 10 0.041 Not Significant 

Vaulted 
R-29.6 

For Reference Only 
19 32.8 33.0 9 32.8 10 33.2 Not Significant 

* There is no U-value for one basement because it was treated as conditioned volume and was not modeled in REM/Rate. This floor had R-38 insulation. 
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Infiltration UDRH INPUTS  Weighted Sample Results (90% Spec 10% Custom) 

Current 
Rhode Island  
UDRH Input 

 

2011 Baseline Home Category 
All 

Homes 
(n) 

Weighted 
Average 
ACH50 

All Homes 
Average 
ACH50  

(Raw Data) 

 Spec 
Homes 

(n) 

Spec 
Home 

Average 
ACH50 

Custom 
Homes  

(n) 

Custom 
Home 

Average 
ACH50 

Spec/Custom 
Difference 

ACH50 6.72 

All Baseline Homes 40 5.71 5.63 26 5.74 14 5.44 Not Significant 

Only baseline homes with basements 
that are finished and conditioned space 
and homes with fully unconditioned 
basements that are not conditioned 
floor area (CFA) and were not included 
in the testing 

38 5.96 5.81 24 6.02 14 5.44 Not Significant 

Only homes where the basement was 
included in the testing (Conditioned 
Volume) but the basement area was not 
conditioned floor area 

2 2.34 2.34 2 2.34 0 n/a n/a 

 

DUCT LEAKAGE UDRH INPUTS  Weighted Sample Results (90% Spec 10% Custom) 

Current Rhode Island  
UDRH Input 

 
2011 Baseline Home 

Category 

All 
Systems  

(n) 

Weighted 
Average 
CFM25/ 
100 Ft

2
  

All Homes 
Average 
CFM25/ 
100 Ft

2
 

(Raw Data) 

 Spec 
Homes 

(n) 

 Spec 
Home 

Average 
CFM25/
100 Ft

2
  

Custom 
Homes  

(n) 

 Custom 
Home 

Average 
CFM25/ 
100 Ft

2 
 

Spec/Custom 
Difference 

Duct Leakage 
CFM25/100 Ft

2
 

14 

All Tests at All Homes with 
Ducts 

24 18.1 17.5 17 18.4 7 15.4 Not Significant 

No Conditioned Volume/ Not 
CFA Basements 

22 20.0 18.9 15 20.5 7 15.4 Not Significant 

Conditioned Volume/ Not 
CFA Basements 

2 2.1 2.1 2 2.1 0 n/a n/a 
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WINDOW UDRH INPUTS Weighted Sample Results (90% Spec 10% Custom) 

Current Rhode Island UDRH Inputs All 
Homes 

(n) 

Weighted 
Average   

U- or SHGC 
Value 

All Homes 
Average 

U- or SHGC 
Value 

 Spec 
Homes 

(n) 

Spec Home 
Average  

U- or SHGC 
Value 

Custom 
Homes  

(n) 

Custom 
Home 

Average 
U- or SHGC 

Value 

Spec/Custom 
Difference 

Window Uo (baseline data) Uo= 0.35 5 0.32 0.31 2 0.33 3 0.30 n/a 

Window Uo 
(baseline data with defaults) 

Uo= 0.35 40 0.34 0.34 26 0.34 14 0.33 Not Significant 

Window SHGC (baseline data) Uo= 0.35 4 0.31 0.35 2 0.30 2 0.40 n/a 

Documented U-value and SHGC information was available for 1 home where the original NFRC (National Fenestration Rating Council) sticker was visible. 
Auditors had access to the U-value and/or SHGC, or to information with which they could estimate the U-value and/or SHGC (such as the window 
manufacturer and series ƭƛǎǘŜŘ ƛƴ ŀ ƘƻƳŜΩǎ Ǉƭŀƴǎύ ŦƻǊ ŀƴ ŀŘŘƛǘƛƻƴŀƭ п ƘƻƳŜǎΦ .ŀǎŜŘ ƻƴ ŦŜŜŘōŀŎƪ ŦǊƻƳ ǎŜǾŜǊŀƭ ǿƛƴŘƻǿ ƳŀƴǳŦŀŎǘǳǊŜǊǎ ŀƴŘ ƭǳƳōŜǊ ǎǘƻǊŜǎΣ ǘhe 
default value of 0.34 is used. 

 

FOUNDATION WALL  
UDRH INPUTS 

Weighted Sample Results (90% Spec 10% Custom) 

Current Rhode Island UDRH Inputs All 
Homes 

(n) 

Weighted 
Average  
R-Value 

All Homes 
Average 
R-value 

(Raw Data) 

 Spec 
Homes 

(n) 

Spec Home 
Average  
R-Value 

Custom 
Homes  

(n) 

Custom 
Home 

Average 
R-Value 

Spec/Custom 
Difference 

Foundation Wall Insulation in 
Conditioned Basements R-Value 

R-13 4 18.55 16.75 2 19.00 2 14.50 n/a 

Foundation Wall Insulation in 
unconditioned Basements R-Value 

R-3.1 33 1.06 0.82 23 1.17 10 0.00 Not Significant 

  

RI & MA DATA COMBINED: WEIGHTED 90% Spec 10% Custom 
Foundation Wall Insulation in Conditioned 
Basements     R-Value  For Reference Only 

24 13.36 13.38 13 13.35 11 13.41 Not Significant 

Foundation Wall Insulation in unconditioned 
Basements     R-Value  For Reference Only 

112 0.30 0.26 88 0.33 24 0.00 Not Significant 
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SLAB UDRH INPUTS Weighted Sample Results (90% Spec 10% Custom) 

Current Rhode Island UDRH Inputs All 
Homes 

(n) 

Weighted 
Average   
R-Value 

All Homes 
Average 
R-value 

(Raw Data) 

 Spec 
Homes 

(n) 

Spec 
Home 

Average 
R-Value 

Custom 
Homes  

(n) 

Custom 
Home 

Average 
R-Value 

Spec/Custom 
Difference 

Slab R-Value (All baseline homes with 
data) 

For 
Reference 

Only 

6 0.50 3.33 2 0.00 4 5.00 n/a 

On-Grade Slab Non-Radiant Heat  
R-Value (All baseline homes with 
data) 

R-0.2 3 0.50 3.33 1 0.00 2 5.00 n/a 

Below-Grade Slab Non-Radiant Heat 
R-Value (All baseline homes with 
data) 

R-0 4 0.50 2.50 2 0.00 2 5.00 n/a 

On-Grade Slab-Radiant Heat R-Value 
(All baseline homes with data) 

R-10.7 1 
10.00 

(unweighted) 
10.00 0 n/a 1 10.00*  n/a 

Below-Grade Slab-Radiant Heat  
R-Value (All baseline homes with 
data) 

R-0 0 n/a n/a 0 n/a 0 n/a n/a 

  

RI & MA DATA COMBINED: WEIGHTED 90% Spec 10% Custom 

Slab R-Value (All baseline homes with data)  
For Reference Only 

19 0.31 2.11 6 0.00 13 3.08 Significant 

Slab Non-Radiant Heat  R-Value  
(All baseline homes with data) For Reference Only 

18 0.25 1.67 6 0.00 12 2.50 Significant 

Slab-Radiant Heat R-Value  
(All baseline homes with data) For Reference Only 

1 
10.00 

(unweighted) 
10.00 0 n/a 1 10.00 n/a 

  

*  The home with R-10 insulated radiant slab floor also has R-15 insulation on the slab perimeter.  



Rhode Island 2011 Baseline Study of Single-family Residential New Construction Page 32 

NMR  

 

DUCT INSULATION UDRH INPUTS Weighted Sample Results (90% Spec 10% Custom) 

Current Rhode Island UDRH Inputs All 
Homes 

(n) 

Weighted 
Average  
R-Value 

All Homes 
Average  
R-value 

(Raw Data) 

 Spec 
Homes 

(n) 

Spec 
Home 

Average 
R-Value 

Custom 
Homes  

(n) 

Custom 
Home 

Average 
R-Value 

Spec/Custom 
Difference 

Duct Insulation--all in unconditioned space 
 R-Value 

R-4.68 24 6.62 6.55 17 6.66 7 6.27 Not Significant 

Duct Insulation--Supply in unconditioned 
basements R-Value 

R-5.29 16 6.45 6.54 12 6.36 4 7.30 Not Significant 

Duct Insulation--Supply in attics R-Value R-7.46 16 7.57 7.39 11 7.65 5 6.86 Significant 

Duct Insulation--Return in unconditioned 
basements R-Value 

R-4.42 16 5.18 5.24 12 5.13 4 5.63 Not Significant 

Duct Insulation--Return in attics R-Value R-5.24 15 7.52 7.11 10 7.71 5 5.78 Not Significant 
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4 Comparison to 2011 Program Single-Family Homes  

This section compares selected building characteristics in 2011 baseline homes and single-family 

homes completed through the 2011 Program; the 2011 Program homes exclude those that failed 

to meet Program requirements. Comparisons address: 

¶ Conditioned/Ambient Walls 

¶ Flat Ceilings 

¶ Cathedral Ceilings 

¶ Conditioned/Basement Floors 

¶ Foundation Walls 

¶ Duct Insulation 

¶ Duct Leakage 

¶ Air Infiltration 

¶ HERS Indices 

For conditioned/ambient walls, ceilings and floors both observed insulation R-values and 

calculated U-values are addressed. U-values are the overall heat transfer coefficient for the entire 

wall, floor or ceiling assembly, not just the insulation. The lower the U-value is, the more energy 

efficient the assembly. U-values calculated using REM/Rate software account for the R-value of 

framing members, the R-value of other components such as air barriers and drywall, the R-value 

of the insulation, and the quality of the insulation installation. If insulation is compressed, or 

there are gaps, the energy efficiency of the assembly is lower and the U-value is higher. 

The following differences between 2011 baseline and Program homes are statistically significant 

at the 90% confidence level: 

¶ The average flat ceiling is more energy efficient (lower U-value) in Program homes. 

¶ The average floor over an unconditioned basement is more energy efficient (higher 

insulation R-value and lower U-value) in Program homes. 

¶ The average R-value of attic supply duct insulation is higher in Program homes. 

¶ Average duct leakage and air infiltration are lower (more energy efficient) in Program 

homes. 

¶ Program homes have a lower (better) average HERS index. 

In Table 4-1, the first column of data is the average over all inspected homes; the second column 

is the average over all single-family homes that were completed through the 2011 Programðthis 

excludes homes that failed to meet Program requirements; the third column is the current UDRH 

input; and the fourth column is the raw data for spec and custom baseline homes weighted to 
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reflect the mix of single-family spec and custom homes in the 2011 Program, which is typically 

also the preliminary estimated UDRH input. 

Table 4-1:  Comparison of 2011 Baseline and 2011 Program Homes 

Baseline Compared to 2011 Program Homes 

RI 
Baseline 

2011 Raw 
Data 

RI 
2011 

Program 

Current 
UDRH 
Input 

Baseline 
Weighted & 
Preliminary 
UDRH Input 

Average Conditioned/Ambient Wall Insulation R-value 18.3 18.1 20 17.7 

Average Conditioned/Ambient Wall Insulation U-value 0.071 0.068 0.065 0.073 

Average Flat Ceiling Insulation R-value 34.5 35.0 31 34.6 

Average Flat Ceiling Insulation U-value 0.051*  0.031*  0.058 0.051 

Average Cathedral Ceiling Insulation R-value 33.0 33.2 29.6 32.8 

Average Cathedral Ceiling Insulation U-value 0.043 0.036 0.057 0.044 

Average Conditioned/Basement Floor Insulation R-value 18.3*  25.9*  30 17.6 

Average Conditioned/Basement Floor Insulation U-value 0.111*  0.047*  0.04 0.119 

Foundation Wall Insulation - Conditioned Basements R-value 16.8 14.2 13 18.6 

Foundation Wall Insulation - Unconditioned Basements R-value 0.8 0.8 3.1 1.1 

Duct Insulation - Attic Supply R-value 7.3*  7.8*  7.46 7.6 

Duct Insulation - All other Unconditioned Spaces 6.5 6.3 4.68 6.6 

Average Duct Leakage--CFM25/100 ft2 18.9*  4.3*  14 20.0 

Air InfiltrationτAverage ACH50 5.81*  3.93*  6.72 5.96 

Average HERS Index 85*  66*  n/a 87 

*Significantly different at the 90% confidence level. 

 

Conditioned/Ambient Walls 

The unweighted average R-value of insulation in conditioned/ambient walls in 2011 baseline 

homes (R-18.3) is slightly higher than in 2011 Program homes (R-18.1). This is not surprising 

since all of the 2011 baseline homes were permitted under 2009 IECC, when the prescriptive 

requirement for conditioned/ambient wall insulation is R-20, and many of the 2011 Program 

homes were permitted under 2006 IECC, when the prescriptive requirement was R-19. However, 

the weighted average R-value of R-17.7 for 2011 baseline homes (weighted to reflect the mix of 

single-family spec and custom housing in the 2011 Program) is lower than the 2011 Program 

average of R-18.1. Looking at U-values, the average unweighted (U-0.071) and weighted 

(U-0.073) values for 2011 baseline homes are higher (less efficient) than the average for 2011 

Program homes (U-0.065). All conditioned/ambient average R-values and U-values for 2011 

baseline and 2011 Program homes are less energy efficient than current UDRH inputs. 
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Ceilings 

The unweighted (R-34.5) and weighted (R-34.6) average R-values for flat ceiling insulation in 

2011 baseline homes are slightly lower than the average R-value in 2011 Program homes 

(R-35.0). The average U-value of flat ceilings in baseline homes (U-0.051 both unweighted and 

weighted) is much higher (less energy efficient) than in 2011 Program homes (U-0.058); the 

difference in U-values between 2011 baseline and 2011 Program homes is statistically 

significant. Average R-values and U-values for both 2011 baseline and 2011 Program homes are 

more energy efficient than current UDRH inputs. 

The average R-value of cathedral ceiling insulation is similar in 2011 baseline homes (R-33.0 

unweighted and R-32.8 weighted) and 2011 Program homes (R-33.2). The unweighted (U-0.043) 

and weighted (U-0. 044) average U-values for cathedral ceilings in 2011 baseline homes are 

higher (less energy efficient) than in 2011 Program homes (U-0.036). Average R-values and U-

values for both 2011 baseline and 2011 Program homes are more energy efficient than current 

UDRH inputs. 

Conditioned/Basement Floors  

The unweighted (R-18.3) and weighted (R-17.6) average R-values for conditioned/basement 

floor insulation in 2011 baseline homes are lower than the average R-value in 2011 Program 

homes (R-25.9); the difference in R-values between 2011 baseline and 2011 Program homes is 

statistically significant. The unweighted (U-0.111) and weighted (U-0.119) average U-values for 

conditioned/basement floors in 2011 baseline homes are higher than the average U-value in 2011 

Program homes (U-0.047); the difference in U-values between 2011 baseline and 2011 Program 

homes is statistically significant. Average R-values and U-values for both 2011 baseline and 

2011 Program homes are less energy efficient than current UDRH inputs. 

Foundation Walls 

Average foundation wall insulation levels in 2011 baseline homes with conditioned basements 

(R-16.8 unweighted and R-18.6 weighted) are higher than the average R-value of 14.2 in 2011 

Program homes. Average R-values for both 2011 baseline and 2011 Program homes are higher 

than current UDRH input of R-13.0.  

The unweighted average R-value of foundation wall insulation in homes with unconditioned 

basements (R-0.8) is the same as the average R-value for 2011 Program homes (R-0.8); the 

weighted average R-value for 2011 baseline homes (R-1.1) is higher than the average R-0.8 for 

2011 Program homes. Average R-values for both 2011 baseline and 2011 Program homes are 

lower than the current UDRH input of R-3.1. Building code does not require these foundation 

walls to be insulated.  

Duct Insulation 

The average R-value of duct insulation on attic supply ducts is lower in 2011 baseline homes 

(R-7.3 unweighted and R-7.6 weighted) than in 2011 Program homes (R-7.8); the difference 
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between 2011 baseline and Program homes is statistically significant. Average attic supply duct 

insulation levels in both 2011 baseline and 2011 Program homes fall short of the 2009 IECC R-8 

requirement for attic supply ducts.  

Average duct insulation levels in 2011 baseline homes for ducts in other unconditioned spaces 

(R-6.5 unweighted and R-6.6 weighted) are higher than in 2011 Program homes (R-6.3). 

Average R-values in both 2011 baseline and 2011 Program homes are higher than the current 

UDRH input of R-4.68 and exceed the 2009 IECC requirement of R-6 insulation for non-attic-

supply ducts in unconditioned space.  

Duct Leakage 

Average duct leakage in 2011 baseline homes (18.9 CFM25/100 ft
2
 unweighted and 20.0 

weighted) is much higher than in 2011 Program homes (4.3 CFM25/100 ft
2
) and the difference is 

statistically significant. Weighted and unweighted average duct leakage in 2011 baseline homes 

are higher than the current UDRH input of 14 CFM25/100 ft
2 

and higher than the 2009 IECC 

requirement of 8 or lower CFM25/100 ft
2 
leakage to the outside.

 

Air InfiltrationðACH50  

Average air infiltration is also lower in 2011 Program homes and the difference between 2011 

baseline and 2011 Program homes is statistically significant. Average air leakage rates in both 

2011 baseline homes (unweighted average 5.81 ACH50 and weighted average 5.96 ACH50) and 

2011 Program homes (3.93 ACH50) are lower than the current UDRH input of 6.72 ACH50. 

HERS Indices 

Average HERS indices show a clear difference in the overall energy efficiency of 2011 baseline 

and 2011 Program homes. The average HERS index for 2011 Program homes of 66 is much 

lower (more energy efficient) than the unweighted average 85 HERS index and weighted 

average 87 HERS index for 2011 baseline homes. The difference between 2011 baseline and 

2011 Program homes is statistically significant.  
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5 Code Compliance 

An exploratory analysis of 2009 IECC was conducted based on the 40 inspected homes using 

four different compliance paths. The four compliance paths are the Prescriptive, Home Energy 

Rating, Annual Energy Cost, and Overall Building UA compliance paths. In addition, 

compliance was assessed using the 2009 IECC checklist developed by Pacific Northwest 

National Laboratory (PNNL). The Home Energy Rating, Annual Energy Cost, and Overall 

Building UA compliance paths were all assessed using reports and calculations available through 

the REM/Rate software. This approach allowed the evaluation team to leverage the REM/Rate 

files that were compiled for other pieces of this report and utilize those files for this analysis. It 

should be noted that the purpose of this study is not to assess code compliance for each inspected 

home, nor is it to evaluate code enforcement. Details on the compliance path utilized by each of 

the audited homes would be necessary to conduct such an evaluation, and this information was 

not available for all homes; the compliance approach was determined for only 30 of the 40 

inspected homes. In addition, the sample for this project was designed to mimic the Program 

housing mix, not the stateôs housing mix. Therefore, the results presented here are not indicative 

of actual code compliance but serve as a tool for assessing specific prescriptive measure 

compliance and how homes would likely perform under different performance based compliance 

paths. 

  Compliance Paths 5.1

 Checklist Compliance 5.1.1

The 2009 IECC checklist, developed by PNNL, includes 63 compliance items, and each item is 

assigned either one, two, or three points, based on the itemôs relative importance.
9
 There are a 

total of 130 points available. Building level checklist compliance is calculated as the total points 

for items marked compliant divided by total points for items marked either compliant or not 

compliantðthis way homes are not penalized if an item is not applicable or not observable.  

The checklist was developed as a means of measuring statewide compliance. For determining 

statewide compliance, there are two possibilities: 

¶ Determine the percentage of compliant homes (those having a checklist score equal to 

100%)  

¶ Take a simple average of the house-level compliance scores  

PNNL states a preference for the second method, as it provides a finer level of detail in the 

progress of a state in reaching 90% compliance.  

The checklist allows compliance to be assessed depending on which compliance approach the 

builder used: the prescriptive approach, the UA trade-off approach, or the performance approach. 

                                                 
9
 The checklist was not modified for the purposes of this study. The original checklist can found here 

http://www.energycodes.gov/arra/compliance_checklists.stm. 

http://www.energycodes.gov/arra/compliance_checklists.stm
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The checklist is populated differently depending on the compliance approach the builder 

selected. Under the prescriptive approach, applicable and observable items are simply marked as 

compliant or non-compliant. Under the trade-off or performance approaches, certain measures 

may be marked as compliant even if they do not meet the prescriptive compliance levels 

identified in the checklist, but they are consistent with how the builder designed the building to 

comply. As the 2009 IECC checklist instructions note, this is done assuming ña valid worksheet 

or software report was submitted showing a compliant building.ò
10

 The checklist is not a 

compliance path, but instead a means of assessing compliance. For example, if a home achieved 

compliance via the trade-off approach then the builder should have submitted a REScheck report 

to the building department that indicated compliance with the energy code. In this case, the home 

may not meet the prescriptive requirements listed in the checklist, but it would be considered 

compliant for all shell measures because the REScheck documentation proves that the home 

complied via the trade-off approach. 

To determine which compliance approach (i.e., prescriptive, UA trade-off, or performance) each 

audited home used, the evaluation team contacted individual building departments and asked 

them about the specific sites visited for this study. Ultimately, the compliance approach was 

verified for 30 of the 40 inspected homes. The compliance approach was assumed to be 

prescriptive for the 10 sites where the compliance approach was unknown. Of the 30 homes 

where the compliance approach was verified, eight used REScheck (i.e., UA trade-off) and 22 

used the prescriptive approach. 

  Prescriptive Compliance 5.1.2

The Prescriptive path refers to a compliance path under which various aspects of a home are 

inspected individually to determine compliance with prescriptive requirements. Under the 

prescriptive path, items are typically assessed in one of two ways: 

1) The item does not meet, meets, or exceeds a minimum efficiency value provided for it 

(e.g., wall insulation R-value) 

2) The item either is, or is not, compliant on a yes/no basis (e.g., floor insulation installation 

quality) 

In this report, compliance under the prescriptive path is assessed by looking only at the 

2009 IECC prescriptive insulation requirements.
11

 Compliance is assessed looking at the percent 

of homes that meet each prescriptive insulation requirement and the percent of applicable 

prescriptive insulation requirements met in each home. Three prescriptive requirementsðslab 

insulation, window U-values, and skylight U-valuesðwere not addressed in this analysis. This is 

because auditors were able to verify the insulation and/or fenestration values for these measures 

at only a few sites and, rather than make assumptions, these measures are excluded from the 

                                                 
10

 It was assumed that all inspected homes submitted the necessary paperwork to achieve compliance with the 

energy code as all of the inspected homes were occupied and therefore should have an occupancy permit. 
11

 This analysis focused on prescriptive insulation requirements. Lighting is addressed in the checklist portion of this 

section (Table 5-3).  
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prescriptive compliance analysis. Heating, cooling, and water heating measures were excluded 

from this analysis as the 2009 IECC only requires that mechanical equipment meet the minimum 

federal efficiency standards; all of the mechanical equipment inspected as a part of this study 

either meets or exceeds the minimum federal efficiency standards for mechanical equipment. 

The standards for mechanical equipment are mandatory requirements that are required under any 

compliance approach. These items, along with many other mandatory requirements, were not 

considered when assessing prescriptive compliance. 

 Home Energy Rating Compliance Path (Performance) 5.1.3

HERS ratings are performed using REM/Rate software, where REM/Rate compares the ñdesignò 

or ñas-builtò home to the ñreferenceò home. The current reference home in REM/Rate is based 

on the 2004 IECC.
12 

To calculate a HERS index, REM/Rate models the reference home to be 

configured similar to the as-built home (e.g., size, shape, orientation), but with the reference 

home efficiency measures based on the 2004 IECC prescriptive requirements. A home built to 

2004 IECC prescriptive code requirements should score a HERS index of roughly 100; a home 

that is more energy efficient will have a HERS index less than 100. Several states allow for 

compliance under the Home Energy Rating Path, with varying HERS scores being considered 

compliant. For example, in Massachusetts, while the 2006 IECC was still in effect, homes were 

considered compliant with the energy code if they achieved a HERS rating of 100 or less. For 

homes required to meet the 2009 IECC, Massachusetts requires a HERS index of 75 or lower for 

1-4 unit residential buildings and 70 or lower for residential buildings with five or more units.
13

 

Rhode Island does not currently offer a Home Energy Rating compliance path.  

 Annual Energy Cost Compliance Path (Performance) 5.1.4

The Annual Energy Cost compliance path is based on REM/Rate models and compares the as-

built home to the 2009 IECC reference home, which is built to the 2009 IECC prescriptive 

requirements. The Annual Energy Cost compliance path only compares the as-built and 

reference home for heating, cooling, and domestic water heating costs. In other words this 

compliance path compares the simulated costs of heating, cooling, and water heating for the as-

built and reference homes. If the as-built home has annual energy costs that are less than the 

reference home then the home is considered compliant. This compliance path does not consider 

other factors that are typically modeled in REM/Rate. Examples of measures not addressed are 

lighting, appliances, and photovoltaics.  

 Overall Building UA Compliance Path (Trade-off) 5.1.5

The Overall Building UA trade-off path is an approach that compares the overall UA-value of 

the as-built home to the overall UA-value of an identically configured home built to meet the 

2009 IECC prescriptive requirements. The overall UA-value of a home is calculated by summing 

                                                 
12

 Brian Christensen, email message to author, January 24, 2012. 
13

http://www.mass.gov/eopss/docs/dps/inf/780-8th-51.pdf 

http://www.mass.gov/eopss/docs/dps/inf/780-8th-51.pdf
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the UA-values for the primary shell measures of the home (e.g., ceilings, above-grade walls, 

frame floors, etc.). This analysis was conducted using REM/Rate. Although the basic 

calculations are similar to the REScheck software developed by the Department of Energy and 

the Building Energy Codes Program (BECP)
14

 there are several key differences between the 

REM/Rate Overall Building UA approach and REScheck. These differences include, but are not 

limited to, different approaches used to calculate insulation U-values and different framing 

assumptions. Ultimately, these differences make it much more difficult to achieve compliance 

using REM/Rate as opposed to using REScheck. 

 Compliance Results 5.2

Table 5-1 displays summary statistics of the checklist compliance results. The data are based on 

results from analysis of up to 63 checklist items. Weighted results indicate compliance with 58% 

of the possible points on the 2009 IECC checklist. 

Table 5-1: Checklist Compliance Results* 

Statistic 
Checklist 

Points 
Possible 

Points 
Received 

Compliance 

Minimum 28 5 18% 

Maximum 65 49 92% 

Unweighted Average 42 24 56% 

Weighted Average 42 25 58% 

Median 41 24 58% 

Percent of Homes Compliant 0%**  

Weighted % of Homes Compliant 0%**  
*Statistics are for each category (points possible, points received, and 

compliance). For example, the maximum compliance of 92% represents 

the highest compliance score achieved by a home in the sampleðnot the 

score of the home that achieved the maximum possible points.  
**Percent of homes with 100% checklist compliance.  

  

                                                 
14

 http://www.energycodes.gov/rescheck/download.stm 

http://www.energycodes.gov/rescheck/download.stm
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Table 5-2 displays the minimum, maximum, average, and median compliance results under the 

Prescriptive, Home Energy Rating, Energy Cost Compliance, and Overall Building UA 

compliance paths for the 40 inspected homes. The left half of the table displays results under the 

prescriptive compliance path. Weighed results are 38% compliance with the prescriptive 

insulation requirements considered. The Annual Energy Cost and the Overall Building UA trade-

off compliance path results are presented as a percentage above or below code. A positive 

percentage represents homes meeting or exceeding code, while a negative percentage represents 

homes below code. This does not represent the percent of homes that pass or fail, but the degree 

to which the average of our sample falls short of or exceeds the code. Weighted results indicate 

compliance is 26% below code using the Annual Energy Cost compliance path, and 48% below 

code using the Overall Building UA trade-off approach. In other words, on average, annual 

energy costs are 26% higher than the 2009 IECC reference home and overall UA values are 48% 

higher than the 2009 IECC reference home.
15

 Weighted results are 4% compliance under the 

Annual Energy Cost compliance path and 6% under the Overall Building UA trade-off path. 

Finally, if Rhode Island offered a Home Energy Rating compliance path, and the 40 inspected 

homes selected this compliance approach, the compliance rate would be 25%; the weighted 

compliance rate is 15%. 

Table 5-2:  Prescriptive Compliance and Compliance Based on REM/Rate  

Statistic 

Prescriptive 
Compliance Paths using REM/Rate 

Results 

Applicable 
and 

Observable 
Criteria 

Criteria 
Met/  

Exceeded 

Percent of 
Criteria 

Met 

HERS 
Index*  

Energy Cost 
Compliance 

UA 
Compliance 

Minimum 2 0 0% 62 -55% -173% 

Maximum 6 5 100% 117 7% 10% 

Unweighted 
Average 

4 2 39% 85 -19% -42% 

Weighted Average 4 2 38% 87 -26% -48% 

Median 5 2 33% 84.5 21% -28% 

Percent of Homes 
Compliant 

 
25% 5% 10% 

Weighted % of 
Homes Compliant 

15% 4% 6% 

*The lower the HERS index the more energy efficient. 

 

                                                 
15

 Lower overall UA values result in higher compliance under the UA trade-off approach. 
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 Checklist Compliance Detailed Results 5.2.1

As previously mentioned, the actual compliance path of choice was determined for 30 of the 40 

inspected homes. Eight complied under the trade-off approach and 22 under the prescriptive 

approach. The remaining 10 sites were assumed to have complied under the prescriptive path.  

Figure 5-1 shows the distribution of PNNL checklist compliance scores. Only one home received 

more than 90% of the points possible, and no homes received all of the points possible. On 

average, homes received 56% of possible checklist points.  

Figure 5-1: Distribution of House Level Compliance 

 

Sixty-three requirements were considered for the checklist compliance analysis. Table 5-3 

summarizes compliance percentages for 14 item groups. Items that were not applicable or 

observable were deemed unverifiable. The ñPercent Verifiableò column in Table 5-3 reflects 

how often the items were verifiableðthe lower the percent verifiable, the less precise the 

compliance estimate is for an item group. While few item groups surpass 90% compliance, most 

are over 60%. Lighting has the lowest compliance percentage (excluding plumbing penetrations, 

which could only be verified at two homes), because at nearly every home less than 50% of 

permanently installed bulbs were high efficacy. Walls, the item group that makes up the largest 

portion of the overall compliance score, are 69% compliant, but only 18% of the requirements 

were verifiable.  
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Table 5-3: Checklist Compliance by Item Group 

Compliance Item Group 
Number of 

Checklist Items*  
Percent 

Verifiable 

Compliance 

All 
Homes 

Spec    
(n = 26) 

Custom 
(n = 14) 

All Homes 
Weighted 

Lighting 1 95% 8% 8% 7% 8% 

Windows 8 5% 100% 100% 100% 100% 

Ceilings 4 49% 76% 82% 64% 81% 

Floors 2 81% 57% 63% 48% 61% 

Walls 12 18% 69% 68% 72% 68% 

Slab 3 5% 83% 100% 80% 98% 

Crawl Space 3 n/a n/a n/a n/a n/a 

Air Sealing 8 100%**  78% 83% 69% 81% 

Ducts 5 37% 45% 43% 50% 44% 

Fireplace 1 18% 57% 67% 50% 65% 

Plumbing Penetrations 1 5% 0% n/a 0% 0% 

Doors 2 50% 63% 65% 56% 64% 

Fans and Vents 1 100% 100% 100% 100% 100% 

Other 12 24% 25% 23% 28% 23% 
*Details on the items included in the compliance group can be found in Appendix B Code Compliance Details 

**Air sealing was evaluated based on the blower door results for all 40 inspected homes. Auditors were only able 

to verify the air sealing checklist items requiring visual inspection 15% of the time. 

 Prescriptive Compliance Detailed Results 5.2.2

Nine requirements were considered for the prescriptive compliance analysis. Table 5-4 shows the 

percentage of homes that comply with applicable 2009 IECC prescriptive requirements. 

Weighted results are 17% compliance with the R-20 wood framed wall insulation requirement. 

Low wood-framed wall insulation compliance drove down overall prescriptive insulation 

compliance. A higher percentage of homes met or exceeded ceiling insulation requirementsð

weighted results are 53% compliance with the flat ceiling requirement of R-38 and 65% with the 

cathedral requirement of R-38 (or R-30 if under 500 sq. ft.). Weighted results are 38% 

compliance with the 2009 IECC requirement for floors over unconditioned basements (R-30). 

Overall, 5% percent of inspected homes complied with all applicable insulation requirements; 

weighted compliance is 4% overall.  
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Table 5-4: Compliance with IECC Prescriptive Insulation Requirements 

Measure or 
Characteristic 

IECC 2009 
Prescriptive 

Requirements 

Number 
of 

Homes 

All Homes 
Raw Data 

Spec Custom 
All Homes 
Weighted 

Data 
Wood Framed Wall 
Insulation 

R-20 40 9 (23%) 4 (15%) 5 (36%) 17% 

Foundation Wall 
R-10/R-13 
(cont./cavity) 

7 5 (71%) 3 (60%) 2 (100%) 64% 

Duct Insulation 
R-8 attic supply R-6 
all other ducts 

23*  8 (35%) 6 (37%) 2 (29%) 37% 

Flat Ceiling Insulation R-38 35 18 (51%) 13 (54%) 5 (45%) 53% 

Cathedral Ceiling 
Insulation 

R-38 (R-30 for 
buildings less than 
500 sq. ft .) 

19 11 (58%) 6 (67%) 5 (50%) 65% 

All Ceiling Insulation 
Requirements 

  40 20 (50%) 13 (50%) 7 (50%) 50% 

Floors Over 
Unconditioned Space 
Insulation R-Value 
(basement) 

R-30 or cavity filled 27 9 (33%) 6 (30%) 3 (43%) 31% 

Floors Over 
Unconditioned Space 
Insulation R-Value 
(garage) 

R-30 or cavity filled 13 7 (54%) 5 (63%) 2 (40%) 60% 

Floors Over 
Unconditioned Space 
(outside) 

R-30 or cavity filled 10 8 (80%) 4 (67%) 4 (100%) 70% 

Floors over 
unconditioned space 
(crawlspace) 

R-30 or cavity filled 6 0 (0%) 0 (0%) 0 (0%) 0% 

All Floors Over 
Unconditioned Space 
Prescriptive 
Requirement 

R-30 40 15 (38%) 10 (38%) 5 (36%) 38% 

Met All Applicable IECC 
2009 Requirements 

  40 2 (5%) 1 (4%) 1 (7%) 4% 

*Excludes one home where the duct insulation was unknown. 
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As previously mentioned, the compliance path was confirmed for 30 out of 40 homes in the 

sample. The evaluation team confirmed that builders chose the prescriptive compliance path at 

22 out of the 30 homes, while the trade-off approach was chosen for the other eight homes. The 

compliance path was assumed to be prescriptive for the remaining 10 homes. Table 5-5 shows 

prescriptive compliance for the 22 homes where builders selected the compliance path and the 10 

homes where the prescriptive approach was assumed. 

Table 5-5: Prescriptive Compliance for Homes Utilizing the Prescriptive Path16 

Measure or Characteristic 
IECC 2009 

Prescriptive 
Requirements 

Number 
of Homes 

All Homes Raw 
Data 

Spec Custom 
All Homes 
Weighted 

Data 
Wood Framed Wall 
Insulation 

R-20 32 8 (25%) 3 (16%) 5 (38%) 18% 

Foundation Wall 
R-10/R-13 
(cont./cavity) 

6 3 (50%) 1 (25%) 
2 

(100%) 
33% 

Duct Insulation 
R-8 attic supply 
R-6 all other 
ducts 

17* 4 (24%) 3 (27%) 1 (17%) 26% 

Flat Ceiling Insulation R-38 28 16 (57%) 
12 

(67%) 
4 (40%) 64% 

Cathedral Ceiling 
Insulation 

R-38 (R-30 for 
buildings less 
than 500 sq. ft .) 

17 11 (65%) 6 (86%) 5 (50%) 82% 

All Ceiling Insulation 
Requirements 

  32 18 (56%) 
12 

(63%) 
6 (46%) 61% 

Floors Over 
Unconditioned Space 
Insulation R-Value 
(basement) 

R-30 or cavity 
filled 

20 6 (30%) 4 (29%) 2 (33%) 29% 

Floors Over 
Unconditioned Space 
Insulation R-Value 
(garage) 

R-30 or cavity 
filled 

13 7 (54%) 5 (63%) 2 (40%) 60% 

Floors Over 
Unconditioned Space 
(outside) 

R-30 or cavity 
filled 

10 6 (60%) 4 (67%) 2 (50%) 65% 

Floors Over 
Unconditioned Space 
(crawlspace) 

R-30 or cavity 
filled 

5 0 (0%) 0 (0%) 0 (0%) 0% 

All Floors Over 
Unconditioned Space 
Prescriptive Requirement 

R-30 32 11 (34%) 8 (42%) 3 (23%) 40% 

Met All Applicable IECC 
2009 Requirements 

  32 1 (3%) 1 (5%) 0 (0%) 5% 

*Excludes one home where the duct insulation was unknown. 

                                                 
16

 This includes 10 homes where the compliance approach was not verified and was assumed to be prescriptive. 
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 Annual Energy Cost Compliance Path (Performance) Detailed Results 5.2.3

As shown in Table 5-6, weighted results are 4% compliance under the Annual Energy Cost 

Compliance approach with overall annual energy costs lower than the 2009 IECC reference 

home. Note, the annual energy cost compliance path does not consider the effects of high 

efficiency mechanical equipment. In fact, the heating, cooling, and water heating equipment are 

the same in the ñas-builtò and ñreferenceò models under this compliance path. Table 5-6 displays 

the energy cost compliance broken up by end use, but it is important to note that these categories 

are meant to encapsulate the effect of key shell measures on compliance, not the effect of high 

efficiency mechanical equipment.  

Table 5-6:  Energy Cost Compliance Path Results, % Complying Homes 

End Use n 
All Homes 
(n = 40) 

Spec       
(n = 26) 

Custom 
(n = 14) 

Weighted 

Heating 40 2 (5%) 1 (4%) 1 (7%) 4% 

Cooling 40 19 (48%) 13 (50%) 6 (43%) 49% 

Domestic Hot Water 40 33 (83%) 22 (85%) 11 (79%) 84% 

Overall 40 2 (5%) 1 (4%) 1 (7%) 4% 

 

Overall compliance is driven down by the low compliance for the heating end use. For the 

cooling and water heating end uses, the weighed results are 49% and 84% compliance 

respectively, where annual energy costs are lower than the 2009 IECC reference home. On 

average, however, these two end uses combine to account for only 26% of the total annual 

energy costs considered for the energy cost compliance approach. Heating accounts for the 

remaining 74% of total annual energy costs considered, and only 5% of homes have annual 

heating costs lower than the 2009 IECC reference home. The average inspected home has 

estimated annual energy costs that are 18% higher than the 2009 IECC reference home. Figure 

5-2 shows weighted average annual energy costs by end-use for the 2009 IECC reference home 

and inspected (design) homes.  

Figure 5-2:  End Use Energy Cost Comparison 
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 Overall Building UA Compliance Path (Trade-Off) Detailed Results 5.2.4

Table 5-7 shows the percent of homes where the calculated UA value complies with the IECC 

2009 requirement by component. Note, these results are not necessarily indicative of what 

compliance might be via the UA trade-off approach assessed using REScheck software as 

opposed to REM/Rate. Four measuresðskylights, windows, doors, and slab floorsðare 

excluded from the table as values for these measures were rarely verified onsite and default 

values were typically used in the REM/Rate models; while these values are excluded from the 

table they are still part of the overall UA value and, therefore, feed into the overall UA-tradeoff 

compliance. Weighted results are 6% compliance with 2009 IECC via the UA trade-off path. 

Weighted UA compliance is very low for key shell measures such as above grade walls (6%), 

frame floors over unconditioned basements (0%), and frame floors over garages (0%). This is not 

to say that these components never meet prescriptive requirements. UA compliance, when 

calculated in REM/Rate, accounts for compression and gaps in insulation, effectively lowering 

any given assembly R-value (or raising the U-value). These adjustments can lead to component 

specific non-compliance under the UA trade-off path, even though a measure might meet the 

prescriptive requirement, and might comply under the REScheck based UA trade-off approach. 

For example, weighted results for frame floors over unconditioned basements are 31% 

compliance with the prescriptive requirement (Table 5-4), but 0% under the UA trade-off 

approach. All of the floors that complied with the prescriptive requirement had R-30 insulation 

(the prescriptive requirement), but they were often assigned a grade II or grade III installation 

and, therefore, the UA value for the assembly falls below that of the 2009 IECC reference home. 

Foundation walls (30%) show some of the highest compliance rates among the measures for 

which auditors were able to record reliable data.  

Table 5-7:  UA Compliance by Component 

Component 
All Homes 
(n = 40) 

Spec 
(n = 26) 

Custom 
(n = 14) 

Weighted 

Ceiling 4 (10%) 2 (8%) 2 (14%) 8% 

Above Grade Wall 4 (10%) 1 (4%) 3 (21%) 6% 

Floors Over Garage 0 (0%) 0 (0%) 0 (0%) 0% 

Floors Over Ambient 2 (20%) 0 (0%) 2 (50%) 5% 

Floors Over Unconditioned Basement 0 (0%) 0 (0%) 0 (0%) 0% 

Floors Over Unconditioned Crawlspace 0 (0%) 0 (0%) 0 (0%) 0% 

Foundation Walls 4 (31%) 3 (30%) 1 (33%) 30% 

Overall 4 (10%) 1 (4%) 3 (21%) 6% 
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Figure 5-3 compares average UA values from the sample to the 2009 IECC reference home UAs 

by component and overall.
17

 It should be noted that under the UA compliance path, and in Figure 

5-3, a home is considered to be in compliance if its UA value is less than that of the reference 

home. 

Figure 5-3: UA Comparison 

 

 

 Variability in Compliance Based on Approach 5.2.5

This section refers to unweighted data in order to reflect the actual compliance percentages under 

the various compliance paths. 

Compliance of the inspected homes was least when determined using the Annual Energy Cost 

approach. On average, the inspected homes are estimated to be 19% below code using this 

approach and only 5% of the inspected homes would be compliant with 2009 IECC.  

When assessed using the other performance compliance methods (i.e., the Overall UA and the 

Home Energy Rating compliance paths), compliance rates were determined to be only slightly 

better than those determined using the Annual Energy Cost method. Using the Overall UA 

compliance path, 10% of the homes would have complied with the code, and the average Overall 

UA value was found to be 42% more than allowed by the code. The Home Energy Rating path 

gave higher compliance ratesð23% of the homes would comply using this method. There are a 

number of reasons for the higher compliance rate using the Home Energy Rating path. This path 

allows homes to be assessed as a system. This allows for whole building tradeoffs with respect to 

                                                 
17

 As is the case with Table 5-7, this figure excludes skylights, windows, doors, and slab floors although these values 

still feed into the overall UA value.  
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efficiency and energy usage. Also, key inputs such as low air and duct leakage are considered in 

a performance approach and including such factors typically results in higher compliance rates. 

Again, it is important to remember that it is not the purpose of this study to report how many of 

the inspected homes complied with code. The compliance approach was determined for only 30 

out of the 40 inspected homes. That said, without knowing what compliance path the remaining 

10 homes were permitted under it is impossible to accurately assess an overall compliance rate. It 

is also worth noting that the 40 homes were sampled to reflect the mix of homes in the Rhode 

Island Program, not the mix of homes in the state of Rhode Island. Therefore, even if the 

compliance path was known for all 40 homes (or compliance was assessed using the subset of 30 

homes for which the compliance path is known), the compliance rate would not be indicative of 

the state due to sampling. Finally, the REM/Rate software compliance assessments are not 

necessarily consistent with the tools code officials and builders use to assess compliance. For 

example, we know there are significant differences between the REM/Rate Overall UA approach 

and the commonly accepted and used REScheck software and know that compliance under the 

REM/Rate UA approach will often be lower than when using REScheck. As stated earlier, the 

purpose of this report is not to assess either individual home or state level code compliance or 

code enforcement; however, study findings suggest there is room for improvement.
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6 Homeowner On-Site Survey 

The homeowners of the 40 sites were asked to complete a brief survey during the onsite audits. 

The survey addressed: 

¶ How home was purchased 

¶ Comfort of home 

¶ Complaints about home 

¶ If energy efficiency was discussed between the homeowner and the real estate agent or 

builder 

¶ Importance of buying an energy-efficient home 

¶ Who specified various building components, HVAC equipment, and appliances 

(homeowner or builder) 

¶ Homeowner perception of the energy efficiency of home and various components 

¶ Awareness of the ENERGY STAR label on homes 

¶ Homeowner demographics including: 

¶ First time home buyer or previously owned home 

¶ How long expect to stay in home 

¶ Education  

¶ Age 

¶ Income 

 

Combining information collected during the inspections with information provided by 

homeowners provides insight into how aware homeowners are of the building materials and 

mechanical equipment in their homes, and whether or not homeowners who think they have 

energy-efficient homes really do. The results presented in this section are unweighted. 
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 How Homes Were Purchased 6.1

Table 6-1 displays the various ways the homes were purchased and divides them into two major 

categories: custom homes and spec homes. Custom homes include all cases in which the 

homeowner had a building lot and initiated the home-building process. Spec homes include all 

homes where the builder owned the land and either offered potential buyers a choice of several 

home plans or started construction without a buyer involved. Almost two-thirds (65%) of the 

homes are spec homes, and just over one-third (35%) are custom homes. The most commonly 

cited method of purchasing a new home is to purchase a lot from a builder and select one of 

several house plans offered by the builder (25%), followed by purchasing a home that was under 

construction (18%). The owner was the builder or general contractor for five (13%) of the 40 

homes. 

 

Table 6-1: How Home Was Purchased 

How Home Was Purchased 
Number of 

Homes 
Percent of 

Homes 
Spec Homes 

Purchased a lot from a builder, selected one of several house plans offered 
by builder 

10 25% 

Purchased a home that was under construction 7 18% 

Modular Home 5 13% 

Purchased a finished home 3 8% 

Built home and rented out 1 3% 

Subtotal Spec Homes: 26 65% 

Custom Homes 
Purchased land and worked with an architect and/or builder to design and 

build the home 
5 13% 

I am the owner and general contractor/builder 5 13% 

Had a house plan and a lot and hired a contractor/builder to build the 
home 

2 5% 

Owner demolished existing home and built a new one 2 5% 

Subtotal Custom Homes: 14 35% 
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Figure 6-1 displays the average HERS rating for homeowners by the various ways the homes 

were purchased. The average HERS rating across all 40 homes is 85.
 18

 On average, homeowners 

who purchased land and worked with an architect and/or builder to design and build the home 

have the most energy-efficient homes (average HERS rating of 73), while homeowners who had 

a house plan and a lot and hired a contractor/builder to build the home have the least energy-

efficient homes (average HERS rating of 94). The average HERS rating for the most commonly 

cited method of purchasing a new home (to purchase a lot from a builder and select one of 

several house plans offered by the builder) is 90, which is less energy efficient than the average 

HERS rating of 85 across all 40 homes.  

Figure 6-1: Average HERS Rating by How Home Purchased 

 
*For this figure, the spec home that was built and rented out is grouped with ñpurchased land and worked with an 

architect and/or builder to design and build the home.ò While it was built for the spec market and is treated as a spec 

home in the rest of this report, this home is very energy efficient (HERS 66) and the owner checked ñpurchased land 

and worked with an architect and/or builder to design and build the homeò on the survey. 

                                                 
18

 A home built to the specifications of the HERS Reference Home (based on the 2004 International Energy 

Conservation Code) scores a HERS Index of 100, while a net zero energy home scores a HERS Index of 0. Each 

one-point decrease in the HERS Index corresponds to a 1% reduction in energy consumption compared to the HERS 

Reference Home. 
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 Homeowner Demographics 6.2

The homeowners are a diverse group with representation across an array of education, age, and 

income levels. Figure 6-2 shows the percentage of homeowners falling into each education, age, 

and income level category. On the whole, the homeowners tend to be well-educated with annual 

incomes above the state average.
19

 The majority of homeowners (75%) are college graduates. 

Almost one-fifth (18%) of the homeowners did not provide income information. However, over 

one-half (52%) of the homeowners who did provide income information have an annual income 

of $100,000 or more. 

Figure 6-2: Homeowner Education, Age, and Income 

 

 

                                                 
19

 The median household income in Rhode Island for the years 2006 through 2010 was $53,243 

http://quickfacts.census.gov/qfd/states/44000.html. 
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has at least a bachelorôs degree and an annual income of at least $100,000. 

Figure 6-3 displays the number of homeowners within each educational attainment level that fall 

into each income category. Over one out of three homeowners (35%) has at least a bachelorôs 

degree and an annual income of at least $100,000. 

Figure 6-3: Homeowner Education by Income 
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Figure 6-4 displays the number of homeowners within each age category that fall into each 

income category. Over one out of three homeowners (35%) is aged 25 to 54 with an annual 

income of $100,000 or more. Four out of the five homeowners with annual incomes less than 

$50,000 are aged 65 or over. All five of the youngest homeowners (aged 25 to 34) who provided 

income information have annual incomes of $100,000 or more. 

Figure 6-4: Homeowner Age by Income 
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Figure 6-5 displays the average HERS rating for homeowners of each educational attainment 

level. Variation in the average HERS rating by educational attainment level is generally small, 

and there is no clear relationship between average HERS rating and education. Homeowners 

whose highest educational attainment level is high school (average HERS 82) or a graduate 

degree (average HERS 83) have the most efficient homes, while those with some graduate 

school own the least efficient homes (average HERS 93). The average HERS rating for the most 

populous educational attainment group (college graduates) is 86, which is one index point higher 

(less energy efficient) than the average HERS rating of 85 across all 40 homes. The educational 

attainment levels of the five owner/builders are as follows: one with some college, three college 

graduates, and one with a graduate degree.  

 

Figure 6-5: Homeowner Education by Average HERS Rating 
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Figure 6-6 displays the average HERS rating for homeowners of each income level. Average 

HERS ratings vary from 102 (least efficient) for homeowners with annual incomes less than 

$50,000, to 76 (most efficient) for homeowners with annual incomes greater than $150,000. 

Figure 6-6 points to a positive relationship between income and energy efficiency. However, in 

interpreting this figure, it is important to keep the small sample sizes in mind. 

Figure 6-6: Homeowner Income by Average HERS Rating 
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Figure 6-7 displays the average HERS rating for homeowners of each age group. Homeowners 

aged 55-64 have, on average, the most energy-efficient homes (HERS 77), while those 65 and 

over have the least efficient homes (HERS 93). The average HERS rating for the most populous 

age group (35 to 44) is 81, which is four index points lower (more energy efficient) than the 

average HERS rating of 85 across all 40 homes. As with homeowner education, there does not 

appear to be a clear relationship between average HERS rating and homeowner age. 

Figure 6-7: Homeowner Age by Average HERS Rating 

 

 

Only two of the 40 homeowners (5%) said that this was their first time buying a home. As shown 

in Table 6-2, the majority of homeowners (75%) plan to stay in their new home for at least ten 

years, and half of the homeowners plan to stay in their new home indefinitely. 

Table 6-2: First Time Buyer and Expected Duration in New Home 

First-Time Home Buyer? 
(n=40) 

Already owned home 90% 

First-time home buyer 5% 

5ƻƴΩǘ ƪƴƻǿ ƻǊ ǇǊŜŦŜǊ ƴƻǘ ǘƻ ŀƴǎǿŜǊ 5% 

How Long Do You Expect to Stay in Your New Home? (n=40) 
Four to five years 3% 

Six to ten years 18% 

More than ten years 25% 

Indefinitely/the rest of my life 50% 

5ƻƴΩǘ ƪƴƻǿ 5% 
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Figure 6-8 displays how long homeowners plan to stay in their new home by their age categories. 

As shown, some homeowners within each age category report planning to stay in their new home 

indefinitely, although homeowners aged 65 and over are most likely to expect to stay in their 

new home indefinitely. Likewise, homeowners in the 25 to 34 age category are most likely to 

report planning to stay in their new home for fewer than ten years. 

Figure 6-8: Homeowner Age by Expected Duration in New Home 

 

 

 Comfort and Complaints 6.3

Homeowners were asked to describe the comfort of their home by indicating if it was ñvery 

comfortable,ò ñsomewhat comfortable,ò ñsomewhat uncomfortable,ò or ñvery uncomfortable.ò 

Most homeowners (90%) said their home is very comfortable; 10% said their home is somewhat 

comfortable.  

Next, homeowners were given the opportunity to provide comments about the comfort of their 

new home and to describe any complaints they have about the home. Eight homeowners (or one-

fifth of the homeowners) described a total of 11 complaints about their homes. Homeowners who 

said their home is very comfortable were actually more likely to mention a complaint than those 

who described their home as somewhat comfortable ï eight of the eleven complaints were 

submitted by homeowners describing their home as very comfortable. Figure 6-9 displays the 

types of complaints submitted by homeowners and the number of complaints within each 

category. The majority of homeowner complaints pertain to the quality of specific components in 

the home and/or general construction quality. For example, one homeowner complained about a 

leak in the home, one homeowner complained about the windows, and another homeowner 
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mentioned four separate complaints regarding various component and construction quality 

issues. The second most commonly mentioned type of complaint pertains to heating and cooling 

issues, including one compliant that the radiant heating system does not respond to changes to 

the temperature setting, and a complaint that the home is uncomfortable without central air 

conditioning, which the homeowner chose not to install due to the expense of installing it. Each 

of the homeowners who submitted heating/cooling complaints have homes with HERs ratings 

that are more energy efficient than the average HERs rating of 85 across all 40 homes: the 

homeowner who complained about the radiant heating system has a HERs rating of 68, and the 

homeowner who complained about the lack of central air conditioning has a HERs rating of 83. 

One homeowner each complained that the home is ña little small,ò that the hot water runs out, 

and that the landscaping is dissatisfactory. 

Figure 6-9: Homeowner Complaints about New Home 
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 Discussed Energy Efficiency with Builder or Sales Agent 6.4

Three-quarters (75%) of homeowners said their builder or sales agent talked to them about 

energy efficiency or the benefits of energy-efficient windows, heating and cooling equipment, 

insulation, etc.
20

 Owners of custom homes were slightly more likely than owners of spec homes 

to say that their builder or sales agent talked about energy efficiencyð79% of custom 

homeowners compared to 73% of spec homeowners. Over one-half (25 or 63%) of homeowners 

said they asked their builder or the sales agent about energy efficiency. Table 6-3 shows that 

almost one-third (30%) of homeowners who said that their builder or sales agent did not talk to 

them about energy efficiency, or they do not remember, said they asked about energy efficiency. 

In addition, most (73%) homeowners who said their builder or sales agent talked to them about 

energy efficiency also said they asked about energy efficiency. 

Table 6-3: Homeowners Who Discussed Energy Efficiency 

 
Number (%) of 
Homeowners 

Number of 
Homeowners 
Who Asked 

About Energy 
Efficiency 

Percent of 
Homeowners 
Who Asked 

About Energy 
Efficiency 

Builder or Sales Agent Talked About Energy 
Efficiency (Includes homeowner/builders) 

30 (75%) 22 73% 

Builder or Sales Agent Did NOT Talk About 
Energy Efficiency or Homeowner Does Not 

Remember 
10 (25%) 3 30% 

Total Homeowners:   40 25 63% 

 

  

                                                 
20

 Homeowners who are also the builder/general contractor did not respond consistently to questions about whether 

or not their builder or sales agent talked to them about energy efficiency and whether or not they asked their builder 

or sales agent about energy efficiency. Some of these homeowners simply identified themselves as the 

builder/general contractor, some said they do not remember or left the question blank, and some said their builder 

talked to them about energy efficiency and/or that they asked their builder or sales agent about energy efficiency. It 

seems reasonable to assume that those who identified themselves as the builder/general contractor considered energy 

efficiency in their role as builderðseveral of the homeowners who were also the builder/general contractor 

commented that this was the case. Therefore homeowners who identified themselves as the builder/general 

contractor are counted as homeowners who say they talked to their builders or sales agents about energy efficiency 

or asked about energy efficiency. 



Rhode Island 2011 Baseline Study of Single-family Residential New Construction Page 62 

NMR  

Figure 6-10 shows that homeowners who did not ask their builder or sales agent about energy 

efficiency actually ended up with more energy efficient homes than those who did. The average 

HERS rating for homeowners that asked their builder or sales agent about energy efficiency 

(including all five owner/builders) is 86. In comparison, the average HERS rating for 

homeowners that did not ask about energy efficiency is 83, which is three index points lower 

(more energy efficient) than the average HERS rating for homeowners who asked about energy 

efficiency. Bearing in mind that these results are based on a small sample size, they indicate that 

asking the builder or sales agent about energy efficiency does not necessarily increase the 

likelihood getting an energy-efficient home. 

Figure 6-10: Asked About Energy Efficiency by Average HERS Rating 

 

  










































































































































































































































































